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INTRODUCTION 
Until recently, grain yield was the only trait con­
sidered of economic value in the development of new oat 
cultivars. Now, however, both oat grain and straw are mar­
ketable products in the midwestern United States. Eagles and 
Frey (1974) selected oat lines for economic value via three 
forms of selection index, and they found that a base index 
was preferable because of its simplicity. Their base index 
used the economic weights 1.0 and 0.5 for grain and straw 
yield, respectively, but it did not recognize that price per 
unit weight of grain may vary according to its test weight 
and protein content. Neither did they include traits that 
had no direct economic value such as hulling percentage, 
plant height, heading date, and harvest index, but which must 
be at desirable levels in commercial cultivars. 
Generally, selection indexes are used in one of two ways: 
(l) to obtain simultaneous improvement for several plant 
traits, or (2) to enhance the effectiveness of selection for 
one trait by incorporating information on one or two secon­
dary traits (Pesek and Baker, 1970), When the purpose is to 
improve a primary trait, the economic weights for the secon­
dary traits are equated to zero and that for the primary trait 
to unity. For improving several traits simultaneously, how­
ever, economic weights are assigned to all traits in the in­
dex, and often, this is an elaborate, difficult, and subjec-
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tive exercise to accomplish. 
My study is unusual and especially complex becauset 
(l) the primary trait, economic yield per plot, included two 
elements with direct economic weights, i.e., grain and straw 
yields, and two with indirect economic effects, i.e., test 
weight and grain protein percentage; (2) secondary traits with 
zero economic weights were used to maximize the expected 
genetic gains for economic yield, and (3) protein percentage 
had a curvilinear relationship to price per unit of grain. 
Specifically, the objectives of my study were: (1) to 
study the heritabilities and interrelationships of several 
traits in oats, (2) to estimate the expected and actual 
gains from selection based upon single traits and upon selec­
tion indexes, (3) to construct the optimum selection index 
among several combinations of traits with direct and indirect 
economic values to select for economic yield, and (4) to 
assess the effect of test eiiviroiunent upon the efficiencies 
of indexes for selection. 
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LITERATURE REVIEW 
Selection Index 
Plant breeders usually consider several traits when prac­
ticing selection among cereal genotypes, but the trait of 
paramount importance is yield per unit area of land. The 
selection-index technique provides a single criterion for 
selection among genotypes by including combinations of sever­
al traits in an objective manner. 
Smith (1936) was the first to suggest a selection index 
which used the concept of a "discriminant function" as a 
logical and systemic manner of selecting plant lines to im­
prove several quantitative characters simultaneously. Hazel 
(1943) extended Smith's technique to permit selection of 
individuals whose progenies would be superior. He worked with 
animals, and thus, assumed that each individual had an un­
known true breeding value, half of which was expressed in its 
offspring and that the correlations of breeding values with 
observed phenotypic expressions were known. Further, he de­
scribed a method for developing selection indexes by using 
relative economic values in conjunction with genotypic and 
phenotypic variances and covariances. 
Theoretically, the conventional selection index maximizes 
the aggregate genetic advance of selected lines, but it does 
not necessarily produce simultaneous improvement of all 
traits included in the index. Some traits may be changed in 
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the desired direction, but others may be changed in an un-
desired direction. Later, this method was extended (a) to 
restrict changes in certain traits to zero (Morley, 1955; 
Kempthorne and Nordskog, 1959), (b) to produce changes in the 
mean genotypic value of a trait that is proportional to de­
sired changes (Tallis, 1962), or (c) to improve a primary 
trait which requires a change in a secondary trait be of 
specified sign (Rao, 1952). James (1968) showed how restric­
tions could be imposed simultaneously on the genetic results 
of selection and on the index weighting factors. In all 
cases, equations carrying restrictions were eliminated in the 
solving for index weighting factors. 
Several studies have been conducted on the problems of 
selection-index construction that may reduce their use. 
Williams (1962) suggested a base index in which the traits 
are weighed only by their economic values. Pesek and Baker 
(1969), using wheat (Triticum aestivum). proposed that the 
index coefficients should reflect "desired gains" assigned 
by the breeder to the several traits in which improvement 
was sought. In their restricted selection index, the ratio 
of improvement for all traits is fixed and no secondary 
traits are used as aids to selection. Pesek and Baker (1970) 
illustrated their selection index using wheat. Elston (1963) 
proposed an index that used only phenotypic values. It was 
nonlinear, and it contained no economic vectors. Hanson and 
Johnson (1957) modified the specific selection-index theory 
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to a general selection-index situation, such that mean esti­
mates of population parameters with a crop species were used 
for index construction. Selection advances based on general 
indexes were highly associated with the advances from specific 
indexes. Their results were confirmed by Caldwell and Weber 
(1965) and Byth et al. (1959) who worked with soybeans (Gly­
cine max L., Merrill). The restricted selection index of 
Tallis (1962), while amenable to solution by linear algebra, 
permitted an assessment of expected gains only after the index 
coefficients have been derived; thus, it was necessary to use 
trial and error to obtain fixed absolute values for the re­
stricted gains, Cunningham et al, (1970) constructed a 
numerical technique to handle this problem. 
Cunningham (1975) extended the selection index theory to 
cover the case of selection in several stages. He gave a 
general algebraic method for adjusting the effects of selec­
tion in earlier stages and for the incorporation of an early-
stage index into a later-stage one. Also, the regression co­
efficients were unaffected by selection for the independent 
variate, a fact that simplified the application of multi­
stage index selection because new indexes did not need to be 
calculated for different intensities of prior selection* Yamada 
et al. (1975) presented a new procedure that constructed 
economic weights for the selection index based exclusively on 
"the breeders intention". In its derivation, the aggregate 
genotype, which was required with the conventional method. 
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was ignored. Thus, this method was applicable where the 
relative economic weights for traits were unknown or diffi­
cult to assess because no standard existed. Because potatoes 
are asexually propagated, and therefore, the total genotypic 
effect of the parent is reproduced in its progeny, O'Keefe 
(1977) was able to use heritability values as weighing fac­
tors in selection indexes for selecting superior potato 
clones (Solanum tuberosum L.). Tai (1977) showed a generaliza­
tion of the selection index presented by Pesek and Baker 
(1969) in which secondary traits were used to assist in the 
selection for those traits that had specified gains in the 
index selection. 
Plant breeders have used selection indexes with various 
crops to select genotypes superior for yield or for overall 
traits. Robinson et al. (195l) found that a selection index 
which included plant height, number of ears per plants, and 
yield of corn (Zea mays L.) was 30% more efficient than se­
lection based on yield alone= A progressive increase in 
efficiency of selection was obtained by Laible and Dirks 
(1968) with inclusion of additional traits. Using soybeans. 
Brim et al. (1959) tested a series of economic weighting pro­
cedures for yield, and protein and oil percent. In general, 
predictions of genetic advance for yield were greater by using 
multiple selection criteria than for yield selection alone. 
Simlote (1947) found that the discriminant function 
technique was superior to simple selection for yield of wheat 
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by nearly 16% when tiller number and ear number were in­
cluded in the index. Also, Paroda and Joshi (1970) observed 
a 16% advantage in expected genetic advance over selecting 
for yield per plant alone if lOOO-grain weight was added. 
For these two studies, the experimental materials were F2 
populations of plants. Das (1972) obtained 7.5% greater ex­
pected gain in wheat yield when 250-grain weight and number 
of ears per plant were included in the selection index, 
Dhagat et al. (1973), working with finger millet (Eleusine 
coracane L.), found that simultaneous selection for plant height, 
grain weight of main ear, number of branches on main ear, and 
yield per plant improved grain yield from 128 to 202% of 
that from selection for yield itself. Thurling (1974) worked 
with turnip rape (Brassica campestris L.) and found that a 
selection index involving a number of yield components and 
morphological traits in addition to yield gave up to 25% 
greater expected genetic advance tlian did yield itself. 
With flax (Linum usitatissimum L.), Radwan and Momtaz (1975) 
constructed a selection index composed of straw and seed 
yields and flowering date which gave good increases in straw 
and seed yields in all generations (^ 2*^ 5) without affecting 
maturity. Using data from 33 rice varieties (Orvza sativa 
L.), Talwar (1976) found that a selection index based on 
grain yield, total tillers, and grain/panicle gave a 255% 
greater gain in yield than did selection for yield alone. 
In mung beans (Phaseolus aureus Roxb.), Lai and Gupta (1977) 
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and Sindhu et al. (1977) observed that some indexes were more 
efficient than selection for yield alone by 96%. 
Using Robinson's model, Johnson et al. (1955) found that 
selection for yield based on the combination of fruiting 
period length and seed weight was nearly as effective as se­
lection for yield itself in two populations of soybeans. 
Addition of more characters (lodging resistance, oil and pro­
tein percentages) to the index resulted in a moderate increase 
in its efficiency. Miller et al. (1958), working with upland 
cotton (Gossvpium hirsuturn L.), found several indexes that 
were valuable as aids to selection, particularly when the 
material was subjected to only limited testing. Relative 
efficiencies ranged from 87 to 118% of selection for yield 
alone. Mani (1974) constructed 63 selection indexes with 
combinations of 6 characters of 23 brown sarson (Brassica 
campestris L.) lines. All indexes were better than selec­
tion based on seed yield alone and the efficiencies ranged 
from 201 to 440%. For castorbeans (Ricinus communis L.), 
Salhi and Khidir (1975) used four yield component traits in 
an index and found the index was 54% more efficient than 
selection based on yield alone. 
Using the model described by Brim et al. (1959), Shankar 
et al. (1953) constructed a selection index for pearl millet 
(Pennisetum alaucum L.), and they found the most promising 
index was composed of spike length, spike girth, and yield. 
It gave a relative efficiency of 158% when compared with 
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selection for yield only. For Indian mustard (Brassica 
iuncea (L.) Czern. & Cass), Singh and Singh (1974) found that 
the greater the number of secondary traits included in a se­
lection index, the greater was the selection index advantage. 
Manning (1955), using Hazel's model, computed a new index 
in each of 6 generations of selection and predicted a cumula­
tive increase of 38% in lint yield of cotton. Gjedrem (1967) 
used the same procedure and found that index selection was 
never less efficient than direct selection. 
Unrestricted and restricted selection indexes were com­
pared by Rosielle et al. (1977) to determine the effect of 
restriction on heading date and height upon selection effi­
ciency for economic value in oats (Avena sativa L.). Direct 
selection for increased economic value saved lines that were 
late and tall. Holding heading date and height at the mean 
of the unselected population removed correlated responses in 
heading date and height, but it decreased the advance from 
selection for economic value considerably. Optimum restricted 
selection indexes in which grain yield and straw yield were 
entered as separate traits, were only slightly more effi­
cient than base restricted indexes in which the two traits 
were combined into the single trait, economic value. Chang­
ing the relative economic values of grain and straw yield had 
little effect on expected or actual advance. This confirms, 
in part, the results of Rosielle and Frey (1975b). 
By using a multiple regression technique to construct 
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a selection index, Singh and Mahadiratta (1970), working with 
cowpeas (Viana sinensis Endl.), obtained an expected gain 
that was 13396 of that from selection for yield alone. The 
highest coefficient of determination (R ) occurred when pod/ 
plant was included in the multiple-regression equation. How­
ever, for arhar (Cajanus cajan L.), Sharma and Asawa (1977) 
found the inclusion of seed weight improved R , and Virk 
et al. (1977) found that for grain yield of wheat the highest 
R^  was achieved when plant height was omitted. 
Several studies have compared the gain expected from 
multitrait selection methods. Hazel and Lush (1942) compared 
the theoretical consequences of three ways of selecting for 
several different characters; namely, tandem, selection index, 
and independent culling. For all methods, they assumed all 
traits were uncorrelated and equally important. The order of 
relative efficiency was selection index, independent culling 
and tandem, and with very intense selection, independent cull­
ing and selection index gave similar efficiencies. Young 
(1951) stated that the index superiority became greater as 
the number of traits under selection increased, and the 
superiority of the index over independent culling decreased 
with higher selection intensity, but its superiority over 
tandem selection was independent of intensity. The relative 
efficiency of the index was higher when the phenotypic corre­
lation between traits was low or negative. 
Elgin et al. (1970) compared the base index with three 
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other methods of multiple-trait selection and found that it 
was as efficient as Smith's index selection for the improve­
ment of five traits in alfalfa (Medicago sativa L.). Subandi 
et al. (1973) compared the gains expected from selection 
based on five selection indexes of three types; i.e., multi­
plicative indexes, additive indexes, and Smith's index 
(Smith, 1936). They used three traits for construction of 
the indexes in two variety crosses of corn. Expected gains 
from selection based on the multiplicative index were 54% and 
29% above that based on yield alone in the two crosses, re­
spectively. The advantages for Smith's index were 56 and 
32%, respectively. This result indicated that the multi­
plicative index probably could be substituted for Smith's 
index without a loss of efficiency. Eagles and Frey (1974) 
compared five methods of selection for increasing economic 
value in oats and its component traits, grain and straw yield, 
in a population of Fg-derived lines. The five methods were 
selection for grain yield alone, selection for straw yield 
alone, a selection index to maximize genetic gain in economic 
value (Smith, 1936), a base selection (Williams, 1962), and 
independent culling. Selection for one trait only was 
superior for improving that trait, but the indexes and inde­
pendent culling tended to be superior for improving overall 
economic value. For selecting lines with superior economic 
values, the base index was preferred because of its simplicity, 
freedom from need for estimating population parameters, and 
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the equivalency of gain from this method. Singh and Bellmann 
(1974) studied the efficiency of three indexes: (a) in 
which only the additive genetic variances and covariances 
were used, (b) I in which total genotypic variances and 
covariances were used, and (c) (Elston's index) in which 
A G 
only the phenotypic values were utilized. I and I were 
more sensitive to linkage and they were less useful if traits 
included had varying heritabilities and/or possessed differ­
ent economic weights. Widstrom (1974), using corn, compared 
Hazel's conventional index (RS) with a selection index gen­
erated (RI) by substituting direct and correlated realized 
gains for genotypic variances and covariances, respectively, 
in the normal equations, and with another index (RSI) which 
was derived by using weighted earworm-injury responses from 
selection for each trait as the coefficients (b^ ) of the 
index. RSI selections were in closer agreement with RS se­
lections than were those from the RI index suggesting that 
one could substitute RSI, which is much easier to compute, 
for RS. Moll et al. (1975) used yield and ear height of corn 
in two restricted indexes in which the weights were computed 
on the basis of two desired changes in ear height (Pesek and 
Baker, 1969), and they compared the responses with those 
from Smith's index. Index-selection responses were more 
repeatable than responses to single-trait selection, and the 
index computed to maximize gain in yield did give the greatest 
response. Suwantaradon et al. (1975) compared Smith's index 
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with base and desired genetic gain index. Base indexes were 
95 and 97% as efficient as conventional selection indexes and 
modified selection indexes were only 45 and 63% as efficient 
as conventional ones. 
Johnson (1957) calculated expected genetic advances for 
oat grain yields at four levels of soil phosphorus using 
selection indexes and yield alone. Index selection became 
progressively less advantageous at higher phosphorus levels. 
Also, Nei (1950) and Singh (1974), working with rice and 
Setaria italica, respectively, reported that selection indexes 
were more efficient under abnormal sowing conditions than 
under the normal or favorable ones. 
According to some workers, an index based on yield alone 
can seldom be made more efficient by the inclusion of yield 
components (Panse and Khargaonkar, 1949). Rendel (1954) 
showed that a secondary trait with no economic value may 
correct for the effects of abnormal environment-on the primary 
trait. A secondary trait with little or no genetic modifica­
tion but high phenotypic correlation with the primary trait 
was most effective. Discriminant function formulas using 
yield components in addition to or as alternatives to yield 
alone did not improve selection efficiency. Efficiency of 
selection for rice yield was not increased by inclusion of 
tillers at flowering time in a study by Abraham et al. (1954). 
Mock and Eberhart (1972) assigned equal economic weights for 
percentage emergence, emergence index, and seedling dry weight 
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in an index to select for cold tolerant lines in corn, but 
index selection was no more efficient than single trait 
selection. Because index selection resulted in small seed­
lings (undesirable), they suggested putting the largest 
economic weight on seedling dry weight. Singh and Bellmann 
(1974) agreed that manipulation of economic weights may help 
to bring a harmonious improvement in all traits to be se­
lected simultaneously. 
Young (1951) used a "relative importance value" for 
maximizing the value for components, i.e., economic weight, 
heritability, and phenotypic standard deviation, used in se­
lection indexes. Finney (1962) warned that any calculation of 
genetic gains from formulas based on normality will tend to 
overestimate the actual gain if the distributions are non-
normal. Henderson (1963) discussed the incorporation of 
performance information of relatives into a selection index 
with the individual's own performance for use in genetic im­
provement, Byth et al, (1969) concluded that actual gains 
computed across environments were the only accurate criteria 
for comparing the relative values of different selection in­
dexes when substantial genotype x environmental interactions 
exist. Cunningham (1969) showed a fast and more convenient 
way of calculating the efficiency of a reduced index relative 
to the original one, and hence, he would assess the contribu­
tion made by the variable omitted from the reduced index. 
Sepahi (1974) suggested incorporating measure of stability 
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and average yield into a single selection index. Sales and 
Hill (l976a) discussed the effect of errors in estimates of 
parameters, particularly intraclass correlations, on the re­
sponse from selection for one trait when an index including 
family records was used. The loss of efficiency using sample 
estimates was very small. But, from other studies, Sales 
and Hill(i976b) considered an index of several traits to 
maximize response for a single trait, and they found that when 
genetic and phenotypic regressions of trait 2 on trait 1 
(economic) were equal, the second trait made no useful con­
tribution. With errors in parameter estimates, the response 
obtained by including trait 2 usually will be overpredicted. 
Assuming equal importance for S^  and half-sib (HS) yields, 
Goulas and Lonnquist (1977) compared a simple selection index 
with both measurements as criteria of progeny testing with 
three other procedures in corn. Use of a selection index 
that combined KS-S^  evaluation saved genotj'pes yith less than 
average inbreeding depression, average or better heterosis, 
and reasonable expected gains. Abplanalp and Eklund (1978) 
discussed the need for compensation by index selection for 
unwanted genetic changes that may arise whenever selection is 
applied at different stages of life cycle or in the two sexes 
independently. 
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Heritability in Small Grains 
Heritability percentages have been estimated for many 
species and in many environments. Hartley and Weber (1952) 
suggested that the magnitude of heritability values indicated 
(a) which traits would be selected successfully and (b) the 
appropriate generation for profitable selection, and Prey 
(1959a) said that heritability percentages in the narrow 
sense estimate the portion of total variability for a trait 
that is heritable. Generally, magnitudes of heritability 
percentages are dependent on the complexity of the trait, 
the population sampled, the experimental procedures used, 
and the test environment. 
Two basic methods for computing heritability percentage 
have been used for small grains; (a) the components-of-
variance method and (b) the regression method. The formula 
2 2 2 for the components-of-variance method is H = cr^ /(a^  + o'^ ) 
2 9 
where and are genetic and environmental variances, re-
specitively. In some studies, the genetic variance may be 
inflated by effects of genotype x environment interaction, 
and the importance of environmental variance may be diminished 
by increased replicate number. The regression technique is 
used to regress progeny data upon parental data (Mahmud and 
Kramer, 1951). 
The regression approach is a simple technique for esti­
mating heritability, but genotype by environment interactions 
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associated with contraction or expansion of the phenotypic 
scale can seriously bias the estimates of heritability and 
cause them to be greater than 10C%. To alleviate this bias, 
Frey and Horner (1957) proposed the standard-unit regression 
which codes phenotypic measurements in standard deviates and 
establishes a heritability ceiling of 100%. Heritability 
values for heading date in oats calculated by the conventional 
regression method were 44 and 93% for on Fg and F^  on Fg, 
respectively, whereas comparable values were 62 and 63%, re­
spectively, by using the standard-unit method. 
Also, there is realized heritability, which is the frac­
tion of phenotypic variability for a defined reference unit 
that is transmitted to progeny. It can be defined as the 
ratio of actual gain from selection to selection differential 
or (x - X )/(x - X ), where x = progeny mean, x = original p O S o p o 
population mean, and x^  = mean of the selected group. 
I have summarized the heritability percentages for small 
grains as reported by various authors for grain and straw 
yields, test weight, groat (caryopsis) ratio, protein per­
centage, and harvest index in Tables 1 through 7. 
The means of reported heritabilities for grain yield 
were 54, 38 and 50% for barley, wheat and oats, respectively. 
The range of grain yield heritabilities over all estimates 
was from 15 to 71% and the overall mean was 52% for the three 
species. The mean heritability for straw yield was 79% in 
oats (Table l). 
Table 1. Summary of heritability percentages for grain and straw yields of 
barley, oats, and wheat 
Heritability 
Method of calculation Author and crop " {%) 
Grain yield 
Components of variance Yap and Harvey (1972) in barley 78 
Components of variance Chaudhar (1977) in barley 50 
Components of variance Eagles and Frey (1974) in oats 71 
Components of variance Rosielle and Frey (1975a) in oats 61 
Standard-unit Rosielle and Frey (1975a) in oats 53 
Realized 1%^  Rosielle and Frey (1975a) in oats 53 
Realized 10% Rosielle and Frey (1975a) in oats 51 
Components of variance Rosielle et al. (1977) in oats 71 
Components of variance Davis et al. (1961) in wheat 41 
Components of variance S3 tuber et al. (1962) in wheat 39 
Components of variance Dyck and Baker (1975) in wheat 60 
Components of variance Ketata et al. (1976) in wheat 16 
Components of variance Sidwell et al. (1976) in wheat 36 
overall mean 52 
Straw yield 
Components of variance Eagles and Frey (1974) in oats 79 
Components of variance Rosielle et al. (1977) in oats 79 
Overall mean 79 
1^% and l09(i for selection top 1% and 10%, respectively. 
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The mean heritabilities were 82, 77, and 66% for heading 
date of barley, oats, and wheat, respectively (Table 2). 
Heritability estimates for this trait ranged from 36 to lOl% 
with an overall mean of 75%. 
Stuber et al. (1952) reported a heritability value of 9% 
for plant height of wheat, but all other values ranged from 
45 to 89% for the three small grains (Table 3), The mean 
heritabilities were 73, 70, and 65% for barley, oats, and 
wheat, respectively, and the overall mean of 70%. 
Test weight has been cited frequently as an important 
criterion of grain yield quality in oats and small grains and 
its mean heritability values were 51% for barley, 72% for 
oats, and 46% for wheat (Table 4). The range heritabilities 
for test weight over the three species ranged from 35 to 81% 
and the overall mean was 50%. 
Protein percentage of the grain has a mean heritability 
of 57% for oats and wheat (Table 5). The means were 54 and 
59% for oats and wheat, respectively. 
Heritability values for groat percentage of oats ranged 
from 53 to 82% and the overall mean was 65%. The highest 
values were obtained using variance components method of 
calculation (Table 6), 
Harvest index mean heritability reported by Rosielle and 
Frey (1975a) for oats was 57% (Table 7). 
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Table 2. Summary of heritability percentages for heading date of 
barley, oats and wheat 
Heritability 
Method of calculation Author and crop (%) 
Barley 
Components of variance Fuizat and Atkins (1953) 91 
Regression Frey (1954a) 76 
Regression Frey (1954b) 89 
Components of variance Frey and Horner (1955) 89 
Components of variance Jogi (1956) 93 
Components of variance Rutger et al. (1967) 49 
Mean 82 
Oats 
Components of variance Frey and Horner (1955) 89 
Regression Frey and Horner (1955) 88 
Regression Frey and Horner (1957) 63 
Standard-unit Frey (1959a) 70 
Components of variance Jones and Frey (1960) 70 
Components of variance Petr and Frey (1966) 87 
Components of variance Rosielle et al. (1977) 84 
Mean 77 
Wheat 
Components of variance Stuber et al. (1962) 71 
Components of variance Johanson et al. (1966) 36 
Components of variance Schlehuber et al. (1967) 87 
Regression Fonseca and Patterson (1968) 80 
Components of variance Anwar and Chawdhry (1969) 61 
Components of variance Lebsock and Amaya (1969) 81 
Regression Lebsock and Amaya (1969) 40 
Components of variance Dyck and Baker (1975) 36 
Components of variance Ketata et al. (1976) 101 
Mean 66 
Overall mean 75 
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Table 3. Summary of heritabllity percentages for plant height of barley, 
oats and wheat 
Heritabllity 
Method of calculation Author and crop (%) 
Barley 
Components of variance Fuizat and Atkins (1953) 59 
Components of variance Frey and Horner (1955) 71 
Components of variance Jogi (1956) 89 
Components of variance Rutger et al. (1967) 75 
Components of variance Chaudhar (1977) 69 
Mean 73 
Oats 
Components of variance Frey and Horner (1955) 46 
Regression Frey and Horner (1955) 79 
Standard-unit Frey (1959a) 89 
Components of variance Jones and Frey (1960) 64 
Components of variance Petr and Frey (1966) 61 
Components of variance Rosielle et al. (1977) 80 
Mean 70 
Wheat 
Regression McNeal (1960) 49 
Components of variance Stuber et al. (1962) 9 
Components of variance Johanson et al. (1966) 45 
Components of variance Schlehuber et al. (1967) 72 
Regression Fonseca and Patterson (1968) 87 
Components of variance Anwar and Chawdhry (1969) 61 
Components of variance Lebsock and Amaya (1969) 75 
Regression Lebsock and Amaya (1969) 46 
Regression Reddi et al. (1969) 63 
Standard-unit Reddl et al. (1969) 81 
Component of variance Ketata et al. (1976) 64 
Mean 60 
Overall mean 
Table 4. Summary of heritability percentages for test weight (bushel weight) of 
barley, oats, and wheat 
Heritability 
Method of calculation Author and crop (%) 
Barley 
Components of variance Schlehuber et al. (1957) 36 
Components of variance Sun et al. (1972) 59 
Components of variance Yap and Harvey (1972) - 77 
Mean 61 
Oats 
Components of variance Wesenberg and Shands (1973) 52 
Regression Wesenberg and Shands (1973) 81 
Standard-unit Wesenberg and Shands (1973) 72 
Mean 72 
Wheat 
Regression Lofgren et al. (1968) 39 
Standard-unit Lofgren et al. (1968) 53 
Mean 46 
Overall Mean 60 
Table 5, Summary of îieritability percentages for grain protein percentage of oats 
and wheat 
Heritability 
Method of calculation Author and crop (%) 
Oats 
Components of variance Frey et al. (1954) 15 
Components of variance Frey et al. (1955) 89 
Components of variance Campbell and Frey (1972a) 58 
Standard-unit Campbell and Frey (1972b) 30 
Regression Ohm and Patterson (1973a) 54 
Regression Ohm and Patterson (1973b) 76 
Standard-unit Frey (1975) 54 
Standard-unit Sraon et al. (1975) 41 
Mean 54 
Wheat 
Components of variance Davis et al. (1961) 64 
Standard-unit Haunold et al. (1961) 49 
Components of variance Stuber et al. (1962) 75 
Regression Lofgren et al. (1968) 55 
Standard-unit Lofgren et al. (1968) 55 
Components of variance Dyck and Baker (1975) 63 
Mean 59 
Overall mean 57 
Table 6. Summary of heritability percentages for groat (caryopsis) ratio of oats 
Heritability 
Method of calculation Author and crop (%) 
Oats 
Components of variance Pawlisch (1959) 78 
Regression Pawlisch (1959) 54 
Components of variance Wesenberg and Shands (1971) 65 
Components of variance Wesenberg and Shands (1973) 82 
Regression Wesenberg and Shands (1973) 53 
Standard-unit Wesenberg and Shands (1973) 65 
Realized 5%^  Stuthman and Granger (1977) 56 
Overall mean 65 
S^election for top 5% lines. 
Table 7. Summary of îieritability percentages for harvest index of oats 
Heritability 
Method of calculation Author and crop (%) 
Oats 
Components of variance Rosielle and Frey (1975a) 64 
Standard-unit Rosielle and Frey (1975a) 60 
Realized 1%^  Rosielle and Frey (1975a) 54 
Realized 10% Rosielle and Frey (1975a) 51 
Overall mean 57 
S^election for top 1% and 10% lines, respectively. 
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Interrelationships Among Traits in Small Grains 
Generally, heading date has been positively associated 
with plant height in wheat (Hayes ét al., 1927; Schlehuber 
et al., 1967; Fonseca and Patterson, 1968; Lebsock and Amaya, 
1969; Pesek and Baker, 1970) and in oats (Romero and Frey, 
1966). However, Bridgford and Hays (1931) and Pepe and Heiner 
(1975), Johanson et al. (1966), and Lyrene and Shands (1975) 
working with wheat, Rutger et al. (1967) working with barley, 
and Frey et al. (1975) working with oats found negative or no 
correlation between these traits. 
The correlation between grain yield and heading date in 
wheat has been reported as positive and significant (Schle­
huber et al., 1967; Pesek and Baker, 1970) and as negative and 
significant (Dyck and Baker, 1975; Lyrene and Shands, 1975); 
however, Romero and Frey (1966) and Lebsock and Amaya (1969) 
who worked with oats and wheat, respectively, reported inde­
pendence inheritance for grain yield and heading date. 
In wheat, Pesek and Baker (1970) and Virk et al. (1977) 
found significant positive correlations between grain yield 
and plant height, whereas Lebsock and Amaya (1969) and Lyrene 
and Shands (1975) reported no associations between these traits 
in wheat and oats, respectively. Romero and Frey (1966), 
working with oats, obtained a low negative correlation between 
grain yield and plant height. 
Bushel weight in barley was correlated negatively with 
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heading date and positively with plant height (Rutger et al., 
1967) and grain yield (Yab and Harvey, 1972). 
A ntunber of authors have studied associations between 
caryopsis ratio and other traits in oats. Love (1914), 
Stapledon and Loveday (1919), Wesenberg and Shands (1971), 
and Young and Shands (1974) observed negative correlations 
between caryopsis ratio and test (bushel) weight. However, 
Surface and Zinn (1916) and Shands (1974) reported no associa­
tion, and Fore and Woodworth (1933) and Hartley and Weiss 
(1951) reported positive associations. Stoa et al. (1936), 
Wesenberg and Shands (1971), and Lyrene and Shands (1975) 
reported negative associations between caryopsis ratio and 
heading date or maturity. Caryopsis ratio was positively 
correlated with grain yield (Lyrene and Shands, 1975), and 
negatively with protein percentage (LeRoy et al», 1974; 
Shands, 1974; Lyrene and Shands, 1975; Young and Shands, 
1974); 
Harvest index (.the ratio of grain to total plant weight) 
according to Donald (1962) was closely and positively associ­
ated with grain yield in wheat, oats, and barley, Syme (1970) 
reported a correlation of 0.96 between harvest index and yield 
for wheat, and Singh and Stoskopf (1971) reported correlations 
between these traits of 0.62, 0.66, and 0,50 for winter wheat, 
spring barley, and oats, respectively. Other researchers 
(CIMMYT, 1972, 1973; Fisher and Aguilar, 1975) have reported 
high correlations between harvest index and grain yield for 
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spring wheat genotypes grown under irrigation and high 
fertility in northwest Mexico. McNeal et al. (1972) obtained 
correlation coefficients of 0,98 and 0.84 for harvest index 
and grain yield in spring wheat crosses, and Syme (1972), 
using greenhouse-grown wheat, showed that 70% of the varia­
tion in grain yield was due to variation in harvest index. 
He found a correlation of 0.85 between single-plant harvest 
index and mean grain yield across 63 sites widely distributed 
around the world. Nass (1973) reported correlations between 
grain yield and harvest index in spring wheat were 0.62 and 
0.75 in two successive seasons, and Rosielle and Frey (1975a) 
obtained phenotypic correlations between harvest index and 
grain yield of oats that ranged from 0,28 to 0.56 and geno-
typic correlations that ranged from 0.22 to 0.79. In the 
later study, pooled genotypic correlations of harvest index 
with grain yield, seed weight, height, and heading date were 
0.34, 0.43, 0,41, and —0.33, rsspsctivsly. Fischsr and 
Kertesz (1976) obtained a correlation between harvest index 
and grain yield of 0=65 in spring wheat, and Takeda and Frey 
(1976), studying crosses between A. sativa and A. sterilis. 
found a pooled correlation between these traits of 0.54. 
McNeal et al. (1972) showed a negative correlation between 
harvest index and grain nitrogen percent (-0,68) in wheat. 
Small correlations between groat protein content of oats 
and heading date and plant height were reported by Campbell 
and Frey (1972b), Tiyawalee (1972), and Lyrene and Shands 
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(1975). Forsberg et al. (1974) and LeRoy et al. (1974) 
found independent inheritance for groat protein content, plant 
height, and heading date. Protein percent and test weight 
showed positive association according to Youngs and Shands 
(1974). 
Generally, the phenotypic correlations between grain yield 
and protein percentages in the grain of cereal crops have been 
negative and significant. In barley, correlations ranged from 
-0.99 and -0.24 (Grant and McCalla, 1949; Zubriski et al., 
1970), in corn, from -0.48 and -0.33 (Frey, 1951; Dudley et 
al., 1971), in oats, from -0.45 and -0.59 (Jenkins, 1969; 
LeRoy et al., 1974; Lyrene and Shands, 1975; Sraon et al., 
1975), in sorghum, from -0.85 and -0.26 (Worker and Ruckman, 
1968; Malm, 1968) and in wheat, from -0.80 and -0.25 (Grant 
and McCalla, 1949; Schlehuber et al., 1967; Stuber et al., 
1962; Terman et al., 1969; McNeal et al., 1972; Dyck and 
Baker- 1975), 
On the other hand, Johnson et al. (1971), using Atlas 
66 wheat variety as a source of high protein genes, produced 
lines of hard red winter wheat that combined high grain yields 
with a 2.5% increase in protein content, and Dreier et al. 
(1975) showed that Lancota cultivar produced 5.0% more grain 
and 1.0% higher grain protein than the check cultivars. And, 
Frey (1975, 1976) discovered genes from A, sterilis that in­
creased the yield of oat lines by 20 to 30% without depressing 
groat-protein percentage. Also, Davis et al. (1961) and 
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McNeal et al. (1963) have observed progeny with both high 
grain protein and high grain yield in wheat. This same 
phenomenon on increasing grain yield and grain protein con­
tent simultaneously has been observed by applying nitrogen 
fertilizer to wheat (Bauer, 1970; McNeal et al., 1963, 1971). 
Pepe and Heiner (1975) showed that the tendency for 
lower grain-protein content in high yielding semidwarf wheat 
cultivars does not result from undesirable linkages involving 
the dwarfing genes, but from an inherent inverse yield-protein 
percentage relationship. Frey (1977) concluded that genes 
are present in wheat and oats that could cause independent 
increases in grain-protein content or grain yield. 
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MATERIALS AND METHODS 
Materials 
The materials I used for this study were three groups of 
oat lines derived from a bulk population that was originated 
by mixing lO-g lots of F2 seeds from approximately 75 oat 
crosses. 
1. The Ventura group (V) - one portion of the bulk 
was divided into three samples used to initate regimes of 
propagation, one each in northern, central, and southern Iowa. 
Hereinafter these three regimes of propagation will be referred 
to as lines of descent. Each generation in a line of descent 
was represented by approximately 90,000 plants, and the sowing 
2 
rate was 300 seeds per m . To obtain seed for propagation 
in each generation, the seed (30-70 kg) harvested in the pre­
vious generation from a line of descent was divided into six 
lots, and equal sized samples were taken from each to make a 
3.0 kg composite for planting and a 1.0 kg lot for cold stor­
age. This process was repeated in each line of descent from 
Fg through F^ .^ Subsequently, 32 derived lines were chosen 
at random from each of the F^ , F^ , F^ , Fg, and F^  ^in each 
line of descent. Thus, the V group contained 480 oat lines 
(i.e., three lines of descent, five generations per line of 
descent, and 32 derived lines per generation). 
2. The Skrdla group (S) - A second portion of the F2 
bulk was divided into three samples for use in a mass selec­
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tion study. One sample was propagated from through Fg 
without artificial selection by using the same sampling and 
sowing procedures described for the V group. The other two 
samples were subjected to mass selection for low and high seed 
density, respectively. In each generation of the high-seed-
density line of descent the seeds used for propagation were 
those that sank to the bottom of a container filled with a 
25% sugar solution (250 g sugar/l), and in each generation 
of the light-seed-density line of descent, the seeds used for 
propagation were those that floated on the sugar solution. 
The light and heavy lines of descent were subjected to four 
cycles of selection and propagation (i.e., F^  through Fg). 
All three lines of descent were propagated continuously in 
central Iowa. Subsequently, 40 derived lines were chosen at 
random from each of the Fg, F^ , Fg, and Fg in each line of 
descent plus 20 random derived lines from the original F2 
bulk. Thus, the S group contained 500 oat lines (i.e., three 
lines of descent, four generations per line of descent, and 40 
lines per generation plus 20 lines from the F^  bulk). 
3. The Gonzalez group (G) - The source of oat lines in 
the G group was the same as those in the V group except that 
only the F^ , F^ , and F^  ^were sampled. Twenty-four derived 
lines were randomly chosen from each generation in each line 
of descent (except for F^  ^in the southern Iowa line of 
descent which vas not sampled); thus, there were 192 oat lines 
(i.e., three lines of descent, three generations per line of 
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descent, and 24 lines per generation except the 24 F^ -^
derived lines that were excluded). 
For my study, each group (i.e., G, S, and V) was con­
sidered to be a set of random oat lines with no attention 
being given to the fact that all lines in a group were not 
derived from the same generation. Along with the experimental 
lines, 24 check varieties were included with the G and V groups 
and 20 lines from the F^  bulk served as check lines in the S 
group. 
Field Evaluations 
Each group of oat lines was grown in two sets of experi­
ments: (1) those used for predicting gains from selection 
(prediction experiments) and (2) those used to evaluate the 
validity of the predictions (evaluation experiments). 
Prediction experiments: The G and S groups of lines 
were tested in field experiments grown at the Agronomy and 
Agricultural Engineering Field Research Center near Ames, 
Iowa in 1975 and 1974, respectively. Both experiments were 
grown in randomized block designs with two replicates. Pro­
ductivity potential for the experimental site was high. The 
V group of lines was tested in a randomized block design in 
two environments. The first was a highly productive one at 
Ames with two replicates, whereas one replicate of the second 
was grown at Castana, Iowa where productivity was poor due to 
the low available soil phosphorus and a second replicate was 
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grown at Kanawha, Iowa, where low productivity was due to soil 
N deficiency. 
Evaluation experiments: The three groups of oat lines 
were tested in 1977 in evaluation experiments. The G and S 
groups were tested in two high productivity sites, one at 
Ames in central Iowa under irrigation and one at Sutherland 
in northwestern Iowa (G-Ames and G-Sutherland). The V group 
was tested in two environments, the first was grown on a highly 
productive site at Ames and the second was at Kanawha on a 
site with deficient nitrogen (V-Ames and V-Kanawha). All 
six evaluation experiments were conducted in randomized block 
designs each with two replicates. A plot consisted of two 
hills sown with 30 seeds, and the hills were spaced 30 cm 
apart in perpendicular directions. Each block was surrounded 
by two rows of hills to provide competition for peripheral 
plots. Each experiment was hoed to eliminate weeds, and 
plants were sprayed with a fungicide (Zineb)"*" at weekly inter­
vals from anthesis to maturing to control foliar diseases. 
When mature, the oat culms in a plot were harvested at 
the ground surface, and a dry weight (g) was taken on the 
bundle. After threshing, grain yield (g) was recorded for the 
plot, and straw yield was calculated by subtracting grain yield 
from bundle weight. Harvest index was calculated as grain 
yield divided by bundle weight times 100. Also, for each 
Z^ineb is a common name for zinc ethylenebis-
d ithiocarbamate. 
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plot I measured test weight, groat (caryopsis) ratio {%), 
and protein percentage as follows; test weight (g) was the 
weight of seeds in a volume of 85,5 cc; groat percentage was 
the ratio of groat to seed weight (before dehulling) using a 
15-g sample; protein percentage was N content in the groat as 
determined by the micro-Kjeldahl procedure^  multipled by 5.25. 
Heading date and plant height were recorded on plots of G and 
S groups of lines in the prediction experiments and in all 
evaluation experiments at Ames (V, G, and S groups). Heading 
date was recorded for a plot as days from planting until 50% 
of the panicles were completely emerged. Plant height was 
measured at maturity as cm from the ground surface to the tips 
of most panicles in a plot. 
Statistical Procedures 
Variance and covariance analyses were computed for each 
variable and each pair of variables, respectively, in all 
experiments. The variance component expectations for mean 
squares and mean cross-products from these analyses, assuming 
a random effects model, are as follows: 
Nitrogen determinations were made by Dr. Verne Youngs, 
Director of the USDA Oat Quality Laboratory, University of 
Wisconsin, Madison, Wisconsin. 
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Source of 
variation d.f. MS EMS or MCP 
Replications r-1 
2 2 
Among lines JL-1 ae. . + rcfg 
2 Error ( r-1 ) (-8-1) Me.. J e 
ij ij =1] 
ij O^ e.j 
where; 
a e^ j = experimental error variance when i=j and co-
variance when i/j , 
C g^ j = genotypic variance when i=j and covariance 
when i/j , 
= phenotypic variance among lines when i=j and 
covariance when i/j , 
2 Me,, = a e. and X and r are the number of lines and 1J 1J 
replicates, respectively. 
Genotypic (r^ ) and phenotypic (r^ ) correlation coeffi­
cients were obtained from variances and covariances estimates 
as follows: 
rp = 
rg = o^ gij/[(o^ gii)(c2gjj)]l/2 
All possible correlations among traits were calculated 
in each experiment. 
Heritability percentages (H) in broad sense were 
calculated by using the variance-component method on a 
line-mean basis: 
H = lOO.a^ g^ /^(a^ g^  ^+ a''e^ /^2) 
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Expected genetic response per cycle from single-trait 
selection was obtained from the formula given by Johnson 
et al. (1955). G = K'CV where G is the genetic 
S 9 S 
response of a trait, K is the selection differential in 
standard units (a 10% selection differential was used through­
out this study, so = 1.9661), CV^  is the genetic coeffi­
cient of variation, and H is heritability. 
Selection Index Procedures 
The means of traits over the two replicates in an ex­
periment were used for the calculation of various selection 
indexes. The equation of these indexes were of the form: 
I = b^ X^  + bgXg ... + b^ X^  
where b^  represents the regression coefficient (index weight) 
for trait i; X^  is the phenotypic value for the individual 
trait; and i = 1 ... n, respectively, are the number of traits 
that are used in formulating the index (I). 
The theoretical procedures used in this study for selec­
tion index were those of Smith (1936) and Hanson and Johnson 
(1957). Considering G the genetic worth of an individual, P 
the corresponding phenotypic value, g^  the genotypic worth 
of a trait i, a^  the relative set of weights based on economic 
worth for g^ , assuming linearity, the genetic net worth for 
an individual can be expressed as a function of the genetic 
N^umerical values for selection intensities of 10% 
were obtained from Rosielle and Frey (1975a). 
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values of several simpler traits; 
n 
G = + a^ gg + ... + 
Also the phenotypic value can be expressed as one or more com­
plex terminal traits as a function of several simpler traits 
assuming net worth is a linear function of the phenotypic value 
p. for the i trait with b- as the relevant sets of weights as; 1 1 
n 
P = + bjpj + ... + = £ b.p. 
1—1 
The variance of P = V(P) = E S b.b .P. . , where P. . = 
i j 1 J iJ 1] 
phenotypic variance for trait i if i=j and phenotypic covariance 
if i/j, and variance of 
G — V(G) = S Z a^ a^ g. • * 
i j j j 
where g^ j^ = genotypic variance for trait j if i=j and geno­
typic covariance if i/j. Also the covariance 
GP = cov(GP) = Z E a.b.g.p. , 
i j  ^  ^
where g^ Pj is a covariance between g and the corresponding p. 
The most direct derivation of the optimum solution for 
the index selection problem is to maximize the correlation be­
tween the P and G equations; 
rgp = Cov(GP)/[v(P) .V(G)]l/2 
then, 
log r^ p = log Cov(GP) - 1/2 log V(P) - 1/2 log V(G) 
To maximize the above equation, the partial derivatives 
for each b^  are equated to zero; for b^  is 
« =  ^ - 0 U) 
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arnv(GP) 8(biCOv(GPi)) a(b^ cov(GP^ )) 
ab^  = ab^  ab^  
Ô(b cov(GP )) 
+ — = cov(GP^ ) (2) 
 ^ 4. 2b^ b2Cov(P^ P2) + ...] 
= 2[b^ V(P^ ) + bgiCovCP^ Pg) + ... + b^ cov(p^ p^ )] (3) 
Then substituting 2 and 3 into 1 
n _ 2^^ 12 +••••*" ^ n^ in. 
cov(GP)  ^ V(P) ' 
Multiplying through by V(P) 
1^^ 11 Vl2 + ••• + ^ n^ in " *^ o^ (GPI)cov(GP) 
There is one such equation for each b^  and V(P)/cov(GP) 
is common to them all, so it can be set equal to 1.0 without 
affecting the solution. Also assuming uncorrelated random 
environmental variable associated with g^  and Pj, then cov 
(GiPj) reduces to the genetic variance or covariance if i=j 
or i/j, respectively. 
So for multiple trait selection the basic index equations 
are; 
+ Vl2 + - + Vln = ^l9ll + ^i9i2 + ''' + ^nSln 
V21 * V22 n^^ 2n " ^ 1®21 ''' 2^^ 22 * * ®n®2n 
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Vnl 2^^ n2 ' ' + brfnn = *19^ 1 + + '.. + anfan 
They can be expressed in terms of matrixes as follows: 
Pll ••• ^ in 
2^1 ^ 22 ••• ^ 2n 
n^l ^ h2 ••• ^ nn n 
r^ ll ^ 12 ••• ^ in] 
921 ^ 22 ••• 92n 
l9nl ®n2 ' * ' ^nn"' n 
Simply, they can be illustrated as; 
V = (4) 
The index coefficients were estimated by two methods; 
1. Linear unrestricted index selection, where the coef­
ficients were estimated for the following relationship for 
faanVi 1 1 no! 
bi = v-^ vg.a 
,-l 
where b^  is the vector of index coefficients, is the in­
verse of the phenotypic variance - covariance matrix, 
is the genotypic variance - covariance matrix, and a is the 
vector of relative economic weights. 
2. Restricted selection index where the coefficients 
were estimated according to Cunningham et al. (1970), A 
dummy variable (b^ ) is added to the index for each restriction. 
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V G b. ' • 1 p 1 g 
G' o . 0 . 
To accomplish this modification, a row and column containing 
the genotypic covariances of the restricted trait with the 
other variables were assigned to an additional row and addi­
tional column in the matrix and the diagonal element of the 
matrix was set equal to zero. A row of zeros was added to the 
Vg matrix. The resulting equations are; 
1 , 
where G and G' are the column and row of genetic covariance 
which added to V^ , b^  is the weight for the dummy trait repre­
senting the restriction. The solution of the index equations 
is the same as we have b^  + 1 weights. 
The basic economic weights for the primary traits were 
4* per pound for grain yield and Zt per pound of straw yield. 
However, the price for grain was modified up or down, re­
spectively, by positive or negative premiums paid according 
to the protein percent and test weight of the groats and grain, 
respectively. The price scale used here for groat protein 
percentage was published by Quaker Oats Company in August 7, 
1973 issue of Milling & Baking News; 
Protein range Price modification 
Under 14% -2.0# per bu 
14.0-14.4% -1.0* per bu 
14.5-14.9% -0.5# per bu 
15,0-15,4% 0.0% per bu 
15.5 - 15.9% +0.5# per bu 
16.0-16.4% +1.0# per bu 
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Protein range Price modification 
16.5-16,9% +1.5$ per bu 
17,0-17.4% +2.0* per bu 
17.5-17.9% +2.5* per bu 
18.0 - 18.4% +3.0* per bu 
18,5-18,9% +4.0* per bu 
For test weight, any weight of 34 pounds per bushel or 
less commands only the base price, but for each 0.5 pound 
increase above 34 pounds, the price per bushel is increased 
by 1.0* up to 38 pounds often with no additional premium 
added; thus, the maximum premium adjustment for test weight 
is 8.0* per bushel. As an example, for an oat line with pro­
tein percentage of 17.7 and test weight of 35 pounds per 
bushel, the price for a pound of grain would be 4.0* base 
price plus 0.0781* per pound for protein premium plus 0.0625* 
per pound for test weight premium which equals 4.1406* per 
pound. 
All data for grain and straw yields and protein percent­
age and test weight premiums were converted to pounds per 
plot. All other traits used in the indexes were given weights 
of zero. 
The traits used to compute each of nine selection in­
dexes that I employed herein were as follows; 
Index number Traits included 
1 Grain yield + straw yield 
2 Grain yield + test weight + straw yield 
3 Grain yield + protein percentage 
+ straw yield 
4 Grain yield + test weight + protein 
percentage + straw yield 
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Index number Traits included 
5 Grain yield + heading date 
5 Grain yield + plant height 
7 Grain yield + harvest index 
8 Grain yield + groat percentage 
9 Grain yield + heading date + plant 
height + harvest index + groat 
percentage 
These indexes were used to compute the economic worth 
values for all lines in the prediction and evaluation experi­
ments. 
The efficiencies of the various indexes were evaluated 
via several methods. However, before the evaluations could 
be made, computations and selection exercises need to be done. 
So first, I computed the index values for all oat lines in a 
group that was tested in a prediction experiment for selec­
tion index 1 and subsequently I selected the 10% of lines 
with the highest index values. The expected genetic advance 
for each trait used in the index (grain and straw yields for 
index l) for the progenies from this selected sample was 
obtained by using the following formula: 
®E = - Xp)H/;p.lOO , 
where G_ is the expected genetic advance from selection, x_ 
and Xp are the means of the selected sample and population, 
respectively, and H is heritability. Next, I obtained the 
mean productivities for the same traits for the.progenies of 
the selected lines and the population when tested in an evalua­
tion experiment. These means were used to compute the actual 
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genetic advance from selection by using the following formula; 
' 
where is the actual genetic advance from selection and the 
other symbols are the same as defined for the formula to obtain 
Gg. Additionally, Gg values were computed for the evaluation 
experiments as well. 
These computations were repeated for all nine indexes 
applied to the three populations. The index efficiencies were 
compared in the following ways: 
1. As a first method of evaluation, I compared the Gg 
and G values for general conformity to each other 
within indexes. 
2. Secondly, I compared the G^  values from prediction 
experiments with Gg values from evaluation experi­
ments for general conformity to each other within 
indexes. 
3. The means for all traits for the samples of lines 
selected via the various indexes were compared to 
similar means for samples of lines selected on the 
basis of grain yield or straw yield only. 
4. Means of economic values for samples of lines se= 
lected via the nine indexes and via straw yield only 
were compared to similar means for samples selected 
on the basis of grain yield. 
5. I computed correlation coefficients between grain 
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yields aild index values for the various indexes, and 
subsequently, I compared the correlation values from 
different indexes. 
6, As a corollary to method 5, I computed the percentage 
of lines that were common to the samples selected 
via an index and via grain yield only. 
7. Correlations were also obtained between index values 
computed for the same array of lines via the same 
index from data collected in different years or loca­
tions. This really represents a measure of the re­
peatability for a given index. 
As an additional exercise, I compared the Gg that could 
be made from restricted and unrestricted selection with in­
dexes 2 and 3 by using data from the prediction experiments 
only. The restricted traits were test weight and protein 
percentage for index 2 and index 3, respectively. 
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EXPERIMENTAL RESULTS 
Responses to selection in plant populations depend 
primarily upon the amount of genetic variability present in 
the population, the selection intensity employed, and the 
heritability of trait being selected. And the worth of the 
final selection will depend upon correlated responses that 
occur in unselected traits and the means of these unselected 
traits in the original population. 
Means and Ranges 
Means and ranges for all traits for the experimental and 
check lines tested in the prediction and evaluation e^ qieri-
ments are given in Tables 8 through 11. 
For the G-group experiments, generally there were no very 
important differences between the means of the experimental 
and check lines for any trait within an experiment (Table 8). 
However, the ranges of means for experimental lines tended to 
transgress the comparable ranges for the check lines in both 
higher and lower directions for grain yield, heading date, 
groat ratio, protein percentage, and straw yield. 
Means for experimental and check lines in the V-group 
experiments also tended to be similar for any trait within an 
experiment (Tables 9 and lO), For all traits, however, the 
ranges of means for experimental lines transcended the ranges 
for the checks. 
Table 8. Means (X), ranges (R) , and coefficient of varia­
bility (C.V.) for grain yield, heading date, plant 
height, test weight, groat ratio, protein percent­
age, harvest index, and straw yield of the experi­
mental and check lines of the G group when evaluated 
in prediction and evaluation experiments 
Grain Heading Plant Test 
Statis- yield date height weight 
tic (Ib/plotxlO ) (days) (cm) (Ib/bu) 
Prediction experiment (Ames-1975) 
Experimental lines 
X 12.37 25.7* 96.2* 31.5 
R 4.29-18.48 16.0-38.5 77.0-120.5 21.0-37.3 
C.V. 10.6 5.0 3.5 4.2 
Check lines 
X 10.42 22.5 86.4 30.6 
R 5.94-13.20 18.0-32.0 73.0-100.0 25.0-36.7 
C.V. 12.3 4.6 2.6 3.7 
Evaluation experiment (Ames-1977) 
Experimental lines 
X 8.77 25.8 108.7 29.0 
R 2.09-15.73 7.5-44.5 87.5-129.0 21.3-35.1 
C.V. 23.9 13.5 1.4 9.3 
Check lines 
X 8.91 27.0 113,3* 40,5* 
R 2.31-13.97 14.0-40.5 102.0-130.0 29.4-48.8 
C.V. 21.2 4.4 0.7 12.4 
Evaluation experiment (Sutherland-1977) 
Experimental lines 
X 15.65 - - 37,6 
R 6.38-22.55 - - 28.7-40.2 
C.V. 11 = 3 - - 11.8 
Check lines 
X 15.9 - - 37.7 
R 9.90-24.64 - - 33.0-40.9 
C.V. 12.9 - - 4.2 
*For significant difference between the experimental lines 
lines mean and the corresponding check lines mean. 
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Groat 
ratio 
(%) 
Protein 
percentage 
Harvest 
index 
Straw 
yield (lb/ 
plot X10-^ ) 
74.1 
45.8-81.7 
7.9 
17.4 
14.1-22.6 
3.5 
39.0 
18.7-48.1 
7.0 
19.35* 
11.55-32.01 
10.5 
75.4 
42.9-73.4 
8.2 
17.1 
15.6-20.2 
3.0 
40.5 
34.2-53.3 
6.1 
15.40 
8.14-22.01 
13.5 
6 6 . 8  
50.1-75.4 
9.0 
21.3 
17.1-26.3 
4.7 
23.8 
13.2-45.9 
20.7 
27.89 
11.66-48.62 
16.4 
64.2 
42.9-73.4 
12.0 
21.3 
17.5-22.9 
3.3 
2j.b 
16.1-45.6 
18.9 
28.25 
17.38-37.07 
13.9 
70.9 
47.4-80.0 
7.6 
16.6 
13.1-25.8 
5.5 
44.0 
22.3-57.8 
6.9 
19.98 
11.96-30.91 
lO.O 
73.1 
58.7-75.0 
4.6 
16.9 
14.2-20.1 
4.2 
44.1 
32.1-59.6 
7 . 8  
20.25 
12.76-30.98 
14.2 
Table 9. Means (X), ranges (R), and coefficient of varia­
bility (C.V.) for grain yield, heading date, plant 
height, test weight, groat ratio, protein percent­
age, harvest index, and straw yield of the experi­
mental and check lines of V-good environment group 
evaluated in prediction and evaluation experiments 
Grain Heading Plant Test 
Statis- yield date height weight 
tic (Ib/plotxlO ) (days) (cm) (Ib/bu) 
Prediction experiment (Ames-1975) 
Experimental lines 
X 11.52 - - 32.4 
R 3.96-16.72 - - 18.7-37.5 
C.V. 14.8 - - 6.1 
Check lines 
X 8.72 - - 31.5 
R 3.74-14.74 - - 30.0-36,1 
C.V. 20,7 - - 14.1 
Evaluation experiment (Ames-1977) 
Experimental lines 
X 11.21 26.0* 106.5 32.6 
R 2.64-27.50 6.5-47.5 59.9-136.0 25.1-40.5 
C.V. 26.1 13.7 6.2 8.7 
Check lines 
X 12.65 18.4 103.4 33,6 
R 6.60-18.26 14.5-28.0 90.0-119.0 32.0-37.5 
C.V. 16.4 17.1 1.6 4.7 
*For significant difference between the experimental 
lines mean and the corresponding check lines mean. 
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Groat Protein Harvest Straw 
ratio percentage index yield (lb/ 
(%) (%) (%) plot X 10"2) 
72.9 
56.7-80.5 
4.7 
19.0* 
15.9-22.4 
4.9 
69.3 
51,5-70.5 
16.8 
15.5-20.5 
17.9 
68.8 
39.2-84.0 
9.8 
21.2 
13.0-24.5 
6.7 
64.8 
59.2-72.7 
9.0 
20.4 
18.5-23.5 
4.6 
41.6 
25.1-50.8 
10.7 
16.38* 
5.94-27.72 
15.9 
45.9 
28.2-50.1 
18.2 
10.16 
5.72-17.38 
17.2 
31.7 
14.2-59.1 
17,4 
23.77 
8.58-37.18 
18 = 0 
36.1 
30.7-42.7 
9.0 
22.31 
12.98-31.02 
12.3 
Table 10. Means (X), ranges (R), and coefficient of variability (C.V.) for grain 
yield, test weight, protein percentage, groat ratio, harvest index, and 
straw yield of experimental and check lines of V-poor environment group 
when evaluated in prediction and evaluation experiments 
Grain Test Groat Protein Harvest Straw 
Statis- yield (lb/ weight ratio percentage index yield (lb/ 
tic plot X 10-2) (ib/tou) (%) (%) (%) plot x 10-2) 
Prediction experiment (Castana and Kanawha-1975) 
Experimental lines 
X 11.03 33.0 71.2 17.5 46.6 12.69 
R 5.72-15.73 26.6-38.4 51.4-80.0 14.5-22.8 27.8-56.0 7.81-18.70 
C.V. 15.9 4.7 5.8 5.5 6,9 17.2 
Check 1ines 
X 9.45 31.6 74.5 18.8 43.8 12.32 
R 5.17-12.32 27.2-36.3 66.7-80.0 16.7-21.1 33.9-48.0 5.17-11.66 
C.V. 9.9 5.2 2.8 2.6 5.7 11.8 
Evaluation experiment (Kanawha-1977) 
Experimental lines 
X 12.30 36.3 67.0 20.5 44.1 15.62 
R 4.40-19.14 25.6-41.5 38.7-80.4 15.1-24.2 22.9-57.5 7.70-27.28 
C.V. 12.5 3.6 11.8 20.5 8.4 13.9 
Check lines 
X 11.35 40.2* 71.5 20.8 45.0 13.95 
R 7.92-14.96 34.2-40.7 66.7-77.3 18.3-23.5 38.1-53.3 10.12-18.15 
C.V. 10.8 21.6 3.2 3.3 7.0 15.0 
*For significant difference between the experimental lines mean and the corre­
sponding check lines mean. 
Table 11. Means (X), ranges (R), and coefficients of varia­
bility (C.V.) for grain yield, heading date, plant 
height, test weight, groat ratio, protein percent­
age, harvest index, and straw yield of the experi­
mental and check lines of S group when evaluated 
in prediction and evaluation experiments 
Grain Heading 
Statis- yield date 
tic (Ib/plotxlO ) (days) 
Plant 
height 
(cm) 
Test 
weight 
( l-b/bu) 
Prediction experiment (Ames-1975) 
Experimental lines 
X 15.84 20.9 108.1 34.8 
R 5.94-24.31 9.0-38.0 90.0-134.0 25.8-39.4 
C.V. 12.5 10.0 5.3 3.5 
Check lines 
X 13.89 20.9 106.8 34.1 
R 9.46-20.02 12.0-30.0 88.0-120.0 30.4-39.1 
C.V. 13.6 10.7 5.5 5.1 
Evaluation experiment (Ames-1977) 
Experimental lines 
X 12.03 28.8 112.3 34.5 
R 2.64-30.80 6.0-57.0 90.0-140.0 20.6-40.3 
C.V. 23.7 21.4 1.0 5.5 
Check lines 
X 10.63 28.2 111.1 33.2 
R 3.63-16.17 13.0-45.0 96.0-121.0 27.3-40.2 
C.V. 29.2 9.6 1.0 6.4 
Evaluation experiment (Sutherland-1977) 
Experimental lines 
X 16.36 - - 38.0 
R 2.42-24.64 - - 29.2-43.7 
C.V. 12,0 — - 5,0 
Check lines 
X 15.72 - - 37.2 
R 9.46-21.34 - - 32.2-41.6 
C.V. 12.5 - - 3.7 
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Groat Protein Harvest Straw 
ratio percentage index yield (lb/ 
(%) (%) (%) plot X10-2) 
73.4 
62.1-80 .6  
2.7 
17.5 
13.2-23.5 
5.2 
40.7 
25.0-51.5 
5.8 
23.15 
9.46-33.77 
12.5 
72.6 
64.9-78.2 
3.2 
17.5 
14.5-20.3 
5.4 
42.7 
33.8-45.5 
4.5 
20.45 
15.84-28.38 
12.3 
67.1 
43.5-82.0 
6.5 
20.1 
16.5-23.9 
10.1 
30.7 
15.7-53.8 
18.3 
26.79 
13.86-36.96 
17.4 
63.1 
50.0-71.0 
5.6 
20.7 
17.4-22.9 
5.2 
27.7 
18 o 9-41.8 
21.9 
26.93 
16.09-32.67 
20.3 
6 8 . 2  
54.0-77.5 
3.6 
16.9 
12•6-20 « 8 
5.6 
44.9 
-63.7 
8.7 
20.12 
9.58-31 
13.5 
oyi 
65.8 
59.0-71.0 
4.4 
17.0 
14.7-20.0 
4.5 
43.9 
31.9-55.2 
8.3 
20.12 
11.56-28.16 
11.4 
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The S group of oat lines was grown under high produc­
tivity conditions only. In all three experiments where the S 
group was tested, the mean grain yield was higher for the ex­
perimental than for the check lines (Table 11). This dis­
covery is a fairly important one because the checks are , 
actually a set of random lines from the F2 and the experi­
mental lines are random selections from later generations 
after a regimen of mass selection. Therefore, this shows that 
mean grain yield for the population had been improved during 
the mass selection. No other consistent shift in a trait 
means between F2 and later generations was apparent. However, 
the ranges of means were consistently greater for all traits 
in the later generations. 
The growing conditions in the two years 1975 and 1977 and 
several testing sites were very different. Climatic conditions 
for oat production were good in 1975 throughout Iowa, so the 
only low-productivity test in that year was the prediction 
experiment with the V group where low phosphate and nitrogen 
availability caused low yields. In 1977, central Iowa had the 
severest drought in 20 years, and temperatures across the 
whole state were so extremely high that the oat crop matured 
in June. Moisture was adequate at Sutherland in 1977, and 
good oat yields occurred in the evaluation tests at that site. 
At Ames, where severe drought occurred, the evaluation experi­
ments were irrigated, but the very high temperatures during 
grain filling caused premature ripening which resulted in low 
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grain yields and harvest indexes. 
For grain yield, the coefficient of variability (C.V.) 
over all experiments was 16.5%, but if the Ames 1977 experi­
ments were eliminated the C.V. was reduced to 12.8%. The 
mean C.V. for straw yield was 14.6%. For harvest index, 
the overall C.V. was 11.1%, but when the Ames 1977 experiments 
were eliminated the mean was reduced to l.Wo. These are the 
only three traits that should have been affected by plot 
size, because the other five traits made use of samples from 
the plots. Except in the Ames 1977 tests, the C.V.'s show 
good experimental precision for the plot size used. 
Analysis of Variance 
There were significant variabilities among experimental 
line means for all traits in all groups and experiments 
(Tables 12 through 15), 
Of greater meaning than entry mean squares are the 
genetic variances given in Table 15. For the G group, the 
genetic variances for grain yield, protein percentage, and 
straw yield were nearly equal in the three experiments, but 
for the other traits they were much lower in the Sutherland 
evaluation than in either of the Ames experiments. For the 
V group, the genetic variances for test weight were similar in 
all experiments, but for all other traits, the genetic vari­
ances were highly variable among experiments. The genetic 
variances for the S group were fairly heterogeneous for all 
Table 12. Mean squares from analysis of variance for grain yield, heading date, plant height, 
test weight, groat ratio, protein percentage, harvest index, and straw yield measured 
on G group experimental oat lines 
Source of 
variation d.f. 
Mean squares 
Grain Heading Plant Test Groat Protein Harvest Straw 
yield date height weight ratio percentage index yield 
Lines 
Error 
L • S * D " 
Lines 
Error 
L.S.D. 
Lines 
Error 
L «S .D • 
191 
191 
191 
191 
191 
191 
0.0014** 
0.0002 
0.0277 
0UOO16** 
0,0004 
0,0392 
0.0016** 
0.0003 
0.0339 
Prediction experiment (Àmes-1975) 
30.03** 162.51** 14.45** 83.88** 
1.62  
2.49 
11.35 
6 . 6 0  
1.75 
2.59 
34.10 
11.45 
Evaluation experiment (Ames-1977) 
138.50** 
11.96 
6.78 
87.53** 
2.16 
2 .88 
14.52** 
7.21 
5.26 
60.89** 
36.54 
11.85 
Evaluation experiment (Sutherland-1977) 
23.19** 
19.76 
8.71 
30.58** 
29.24 
10.60 
3.23** 
0.37 
1.19 
3.96** 
1.48 
2.28 
2.93** 
0.84 
1.80 
37.02** 
7.11 
5.20 
74.21** 
24.03 
10.12 
24.30** 
8.14 
5.20 
0.0032** 
0.0392 
0.0050 
0.0004 
0.0898 
0.0027 
0.0003 
0.0679 
**Significant at P 0.01. 
Table 13. Mean squares from analysis oJ: variance for grain, straw yields, heading date, plant 
height, test weight, groat ratio, protein percentage, and harvest index measured on 
V-good environment group experimental oat lines 
Source of 
variation d.f. 
Mean squares 
Grain 
yield 
Heading 
date 
Plant 
height 
Test 
weight 
Groat 
ratio 
Protein 
percentage 
Harvest Straw 
index yield 
Lines 
Error 
L * S . D # 
479 
479 
479 
0.0010** 
0.0003 
0.0339 
Prediction experiment (Ames) 
9.44** 18.85** 3.18** 
3.87 11.51 0.87 
3.86 6.65 1.83 
40.11** 0.0023** 
20.21 0.0007 
9.0 0.0519 
Evaluation experiment (Ames) 
Lines 479 0.0022** 147.30** 153.42** 13.44** 69.69** 3.27** 
Error 479 0.0090 12.60 54.95 8.10 45.05 2.01 
L.S.D. 479 0.0588 6.96 14.53 5.58 13.16 2.78 
77.04** 0.0041** 
30.19 0.0018 
11.20 0.0832 
**Significant at P > 0.01. 
Table 14. Mean squares from analysis of variance for grain yield, test weight, 
groat ratio, protein percentage, harvest index, and straw yield mea­
sured on V-poor environment group experimental oat lines 
Mean squares 
Source of Grain Test Groat Protein Harvest Straw 
variation d.f. yield weight ratio percentage index yield 
Prediction experiment (Castana and Kanawha) 
Lines 479 0.0008** 6.20** 30.58** 3.20** 32.20** 0.0014** 
Error 479 0.0003 2.42 16.83 0.91 10.10 0.0005 
L«S«D. 0.0339 3.057 8.04 1.87 7.3 0.043 8 
Evaluation experiment (Kanawha) 
Lines 479 0.0011** 6.99** 119.61** 5.95** 33.33** 0.0014** 
Error 479 0.0003 1.72 62.12 3.60 14.30 0.0005 
L.S.D. 0.0339 2.57 15,45 3.72 7.6 0.0438 
*'^ Significant at P > O.Ol, 
Table 15. Mean squares from analysis of variance far grain, straw yields, heading date, plant 
height, test weight, groat ratio, protein percentage, and harvest index measured on 
S group experimental lines 
Source of 
variation d.f. 
Grain 
yield 
Mean squares 
Heading 
date 
Plant 
height 
Test 
weight 
Groat 
ratio 
Protein 
percentage 
Harvest Straw 
index yield 
Prediction experiment (Ames) 
Lines 
Error 
L.S.D. 
Lines 
Error 
L.S.D. 
Lines 
Error 
499 
499 
499 
499 
499 
499 
0.0014** 
0.0005 
0.0438 
0.0021** 
0.0008 
0.0554 
0.0014** 
0.004 
32.04** 
4.38 
4.10 
107.06** 
32.61 
11.19 
6.59** 
1.51 
2.41 
11.46** 
3.99 
3.92 
Evaluation experiment (Ames) 
154.35** 
38.03 
12.09 
123.37** 
0.47 
1.34 
13.14** 
3.66 
3.75 
35.90** 
19.09 
8.56 
Evaluation experiment (Sutherland) 
8.90** 
3.60 
15.09** 
6 .06  
3.18** 
1.17 
2 . 1 2  
5.21** 
4.11 
3.97 
2.24** 
0.89 
20.40** 
6.11 
5.10 
62.35** 
31.13 
11.40 
39.09** 
15.21 
0.0032** 
0.0008 
0.0438 
0.0035** 
0.0919 
0.0022** 
0.0008 
L.S.D. 0.0392 3.72 4.82 1.85 8.50 0.0554 
**Significant at P > 0.01. 
Table 16. Genetic variances for grain yield, heading date, plant height, test 
weight, groat ratio, protein percentage, harvest index, and straw yield 
estimated for the G, V, and S groups of experimental oat lines evaluated 
in prediction and evaluation experiments 
Experiment 
Prediction 
Evaluation 
(.Ames ) 
Evaluation 
(Sutherland) 
Prediction 
Evaluation 
Prediction 
Evaluation 
Prediction 
Evaluation 
(Ames) 
Evaluation 
(Sutherland) 
Grain Heading Plant Test Groat Protein Harvest Straw 
yield date height weight ratio percentage index yield 
0.0006 
0.0006 
0„0006 
0„0004 
0.0007 
0.0003 
0.0005 
0.0005 
0,0007 
0.0005 
14.70 
63.27 
G group 
75.58 6.35 
42.68 3.65 
1.72 
24.64 
12.17 
6.67 
V group (good productivity) 
2.78 3.67 
67,40 54.95 2.67 12.32 
V group (poor productivity) 
13.83 
58,47 
1.89 
2.64 
S group 
37.22 2.55 
61.45 4.74 
2.15 
6 . 8 8  
28.75 
3.73 
8.45 
4.52 
1.43 
1.48 
1.04 
1.15 
0.63 
1.14 
1.17 
1.17 
0.55 
0.67 
14.96 
25.09 
8.08 
9.95 
23.43 
11.05 
9.52 
7.15 
15.60 
11.94 
0.0014 
0.0015 
0.0012 
0.0008 
0.0012 
0.0005 
0.0005 
0.0012 
0.0007 
0.0007 
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traits except grain yield. 
Heritability Values 
The heritability values on a line mean basis using two 
replicates ranged from 58 to 85% for grain yield with mean 
heritability of 69%. Generally, the several heritability 
estimates for this trait from each group were quite uniform 
across experiments. Heading date and plant height had the 
highest mean heritability values among the traits at 88 and 
87%, respectively. Mean heritability values for test weight, 
protein percentage, harvest index, and straw yield all were 
about 60%, For each of these traits, there was one or more 
low heritability estimates. Groat ratio had the lowest 
heritability values with a mean of 47% (Table 17). 
In total, the mean heritability percentages for all 
traits were quite high which indicates that selection for any 
trait should be quite successful in these populations of oat 
lines. 
Correlations of Characters 
In general, phenotypic and genotypic correlations for 
any pair of traits were of comparable magnitude (except a few 
cases) and similar in sign with the genotypic values gener­
ally being higher (except for 26 of 165 cases). Therefore, 
the association between characters were mostly due to genetic 
causes. 
Table 17. Heritability percentages for grain yield, heading date, plant height, 
test weight, groat ratio, protein percentage, harvest index, and straw-
yield estimated for the three groups of oat lines from prediction and 
evaluation experiments 
Grain Heading Plant Test Groat Protein Harvest Straw 
Experiment yield date height weight ratio percentage index yield 
Prediction 86 
Evaluation (1) 75 
Evaluation (2) 75 
Prediction 67 
Evaluation 58 
Prediction 60 
Evaluation 71 
96 
91 
92 
93 
98 
G group 
81 
48 
17 
59 
40 
31 
V group (good condition) 
76 
59 
44 
39 
35 
V group (poor condition) 
61 
57 
45 
48 
88 
67 
71 
72 
38 
71 
39 
79 
67 
67 
50 
62 
69 
59 
88 
60 
67 
67 
57 
38 
38 
Prediction 63 
Evaluation (1) 64 
Evaluation (2) 71 
86 
76 
S group 
70 77 
99 72 
54 
65 
47 
60 
67 
21 
60 
70 
50 
60 
75 
39 
64 
Average 69 88 87 60 47 59 63 59 
63 
Correlations between grain yield and straw yield were all 
positive and the phenotypic ones were significant in all 
groups of oat lines and all experiments (Tables 18 through 
23). Harvest index also was positively and usually strongly 
associated with grain yield. Test weight was consistently 
positively correlated with grain yield, but all associations 
were only moderate in magnitude. Correlations between grain 
yield and heading date were positive for all 1975 experiments, 
but negative for those grown in 1977, which shows the effect 
that high temperatures can have on heading date associations 
with other traits. The correlations of grain yield with plant 
height and with groat ratio all were positive, but generally, 
they were not high in magnitude for any group of oat lines or 
in any experiment. The only consistent negative correlations 
were those of protein percentage with grain yield. 
Expected Genetic Advance from Selection 
Selection for traits themselves 
The expected genetic advances (expressed as percentage 
of the population means) from selection (selection intensity 
of 10%) for the eight traits themselves are shown in Table 24. 
The negative signs for heading date and plant height denote 
selection for earlier and shorter plants. 
Expected gains for grain yield ranged from 22 to 48% of 
the mean, and the average over all experiments was 31%. Se­
lection for heading date would obtain samples of lines that 
Table 18. Phenotypic (genotypic) correlation coefficients among the traits grain yield, heading 
date, plant height, test weight, groat ratio, protein percentage, harvest index, and 
straw yield measured on G groug experimental oat lines evaluated in prediction and 
evaluation experiments at Ames 
Characters 
correlated 
Grain 
yield 
Heading 
date 
Plant 
height 
Test 
weight 
Groat 
ratio 
Protein 
percentage 
Harvest 
index 
Straw 
yield 
Grain yield -0.47** 
(-0.57) 
0.10 
(0.15) 
0.45** 
(0.47) 
0.41** 
(0.47) 
-0.48** 
(-0.52) 
0.85** 
(0.92) 
0.21** 
(0.22) 
Heading date 0.45** 
(0,45) 
0.10 
(0.11) 
-0.42** 
(-0.66) 
-0.46** 
(-0.74) 
0.23** 
(0.37) 
-0.65** 
(-0.83) 
0.33** 
(0.44) 
Plant height 0.48** 
(0.54) 
0.60** 
(0.44) 
0.05 
(0.07) 
0.07 
(0.08) 
0.00 
(0.01) 
-0.02 
(-0.02) 
0.32** 
(0.41) 
Test weight 0.62** 
(0.71) 
0.28** 
(0.32) 
0.30** 
(0.55) 
0.45** 
(0.74) 
-0.35** 
(-0.38) 
0.44** 
(0.52) 
0.01 
(0.01) 
Groat ratio 0.26** 
(0.36) 
-0.03 
(-0.05) 
0.15* 
(0.21) 
0.27** 
(0.38) 
-0.39** 
(-0.42) 
0.47** 
(0.50) 
-0.12 
(-0.16) 
Protein 
percentage 
-0.42** 
(-0.48) 
-0.03 
(-0.05) 
-0.08 
(-0.10) 
-0.08 
(-0.06) 
-0.25** 
(-0.39) 
-0.39** 
(-0.41) 
-0.16* 
(-0.18) 
Harvest index 0.43** 
(0.56) 
-0.09 
(-0.10) 
-0.05 
(-0.06) 
0.26** 
(0.31) 
0.22** 
(0.31) 
-0.55** 
(-0.65) 
-0.32** 
(-0.33) 
Straw yield 0.62** 
(0.67) 
0.54** 
(0.58) 
0.56** 
(0.61) 
0.42** 
(0.53) 
0.12 
(0.16) 
0.01 
(-0.02) 
-0.35** 
(-0.36) 
^Prediction experiment (Ames-1975) under the diagonal and evaluation experiment (Ames-1977) 
above the diagonal. 
*,**Significant phenotypic correlations at 3 and 1% levels or probability, respectively. 
Table 19. Plienotypic (genotypic) correlation coefficients among the traits grain 
yield, test weight, groat ratio, protein percentage, harvest index, and 
straw yield measured on G group experimental oat lines evaluated in 
evaluation experiment at Sutherland 
Characters 
correlated 
Grain 
yield 
Test 
weight 
Groat 
ratio 
Protein 
percentage 
Harvest 
index 
Straw 
yield 
Grain yield 0.00 
(0.05) 
0.26** 
(0.43) 
-0.59** 
(-0.82) 
0.40** 
(0.29) 
0.71** 
(0.88) 
Test weight 0.02 
(0.59) 
-0.33** 
(-0.33) 
0.43** 
(0.08) 
-0.04 
(-0.09) 
Groat ratio -0.29** 
(-0.37) 
0.38** 
(0.75) 
-0.11 
(0.02) 
Protein 
percentage 
-0.38** 
(-0.58) 
-0.35** 
( - 0 . 8 6 )  
Harvest index -0.32** 
(-0.30) 
**Significant phenotypic correlations at 1% of probability. 
Table 20. Phenotypic (genotypic) correlation coefficients between grain yield, heading date, 
plant height, test weight, groat ratio, protein percentage, harvest index, and straw 
yield measured on V group experimental oat lines evaluated in prediction and evalua­
tion experiments^ 
Characters Grain Heading plant Test Groat Protein Harvest Straw 
correlated yield date height weight ratio percentage index yield 
Grain yield 
Heading date 
Plant height 
Test weight 
Groat ratio 
Protein 
percentage 
Harvest index 
Straw yield 
-0.25** 
(-0.32) 
0.41** 
(0.60) 
0,09* 
(0.10) 
-0.34** 
(-0.47) 
0.35** 
(0.33) 
0.60** 
(0.67) 
0.16** 
(0.21) 
0.35** 
(0.33) 
0.24** 
(0.28) 
-0.25** 
(-0.40) 
-0.17** 
(-0.07) 
0.27** 
(0.32) 
-0.23** 
( -0 .28)  
0.31** 
(0.38) 
0.09* 
(0.64) 
0.25** 
(0.31) 
-0.33** 
(-0.57) 
0.01 
( -0 .06)  
0.14* 
(0.45) 
-0.15** 
(-0.21) 
0.07 
(0.17) 
0.02 
(-0.08) 
-0.26** 
(-0.39) 
0.27** 
(0.36) 
0.10* 
(-0.18) 
( 
-0.17** 
0.14) 
-0.24** 
(-0.48) 
-0.35** 
(-0.30) 
-0.04 
(-0.09) 
0.78** 
(0.77) 
-0.52** 
( - 0 . 66 )  
-0 .02  
0.03) 
0.28** 
(0.46) 
0.32** 
(0.43) 
-0.25** 
(-0.39) 
-0.50** 
(-0.46) 
0.37** 
(0.44) 
0.37** 
(0.51) 
0.30** 
(0.41) 
-0.04 
(-0.16) 
-0.08 
(-0.19) 
-0 .02  
(0.02) 
-0.25** 
(0.23) 
^The evaluation experiment above the diagonal and the prediction under it. 
*,**Significant phenotypic correlations at 5 and 1% of probability, respectively. 
Table 21. Pîienot:ypic (genotypic) correlation coefficients between grain yield, 
test weight, groat.ratio, protein percentage, harvest index, and straw 
yield measured on V group experimental oat lines evaluated in prediction 
and evaluation experiments^  at Kanawha 
Characters Grain Test Groat Protein Harvest Straw 
correlated yield weight ratio percentage index yield 
Grain yield 0.21** 0.00 -0.34** 0.53** 0.58** 
— (0.23) (0.02) (-0.57) (0.57) (0.60) 
Test weight 0,31** — 0.20** -0.07 0.28** -0.03 
(0.43) — (0.34) (-0.20) (0.36) (-0.03) 
Groat ratio 0.16** 0.21** — -0.10* 0.07 -0.07 
(0.31) (0.35) — (-0.23) (-.15) (-0.11) 
Protein -0.35** -0.23** -0.17** — -0.23** —0.18* * 
percentage (-0.43) (-0.31) (-0.32) — (-0.55) (-0.01) 
Harvest 0.25** 0.28** 0.09* -0.38** — -0.38** 
index (0.17) (0.34) (0.15) (-0.50) — (-0.29) 
Straw yield 0.64** 0.05 0.10* -0.01 -0.52** — 
(0.50) (0.10) (0.21) (-0.00) (-0.57) -
T^he evaluation experiment above the diagonal and the prediction under it. 
*,**Significant phenohypic correlations at 5 and 1% of probability, respec­
tively. 
Table 22. Phenotypic; (genotypic) correlation coefficients between grain yield, heading date, 
plant height, test weight, groat ratio, protein percentage, harvest index, and straw 
yield measured on S group experimental oat lines evaluated in prediction and evalua­
tion experiments at Ames 
Characters Grain Heading Plant Test Groat Protein Harvest Straw 
correlated yield date height weight ratio percentage index yield 
Grain yield -0. 32** -0.08 0. 55** 0. ,33** -0. 19** 0 .83** 0, .44** 
(-0, ,44) (-0.09) (0. ,59) (0. ,53) (-0. ,51) (G .91) (0 .57) 
Heading date 0.04 0.38** -0. 33** -0. ,43** 0. 20** -0 .47** 0, .18** 
(0.06) (0.35) (-0. 44) (-0. ,75) (0. 44) (-0 .73) (0. 57) 
Plant height 0.27** 0. 35** 0. 00 -0. ,15** 0. 04 -0 .21** 0, .21** 
(0.40) (0. 45) (0. 00) (-0. 23) (0. 09) (-0 .29) (0, .34) 
Test weight 0.31** 0. 02 0.26** 0. 37** -0. 14** 0 .47** 0. 25** 
(0.36) (0. 04) (0.35) (0. 53) (-0. 28) (0 .61) (0. 35) 
Groat ratio 0.09* -0. 06 0.03 0. 12** -0. 20** 0 .33** 0. ,06 
(0.10) (-0. 06) (0.02) (0. 10) (-0. 62) (0 .58) (0. .20) 
Protein -0.37** -0. 16** -0.48** -0. 14** -0. 20** -0 . 24** 0. , 06 
percentage (-0.52) (-0. 20) (-0.10) (0. 12) (-0. 29) (-0 .72) (0. ,28) 
Harvest index 0.35** -0. 43** -0.23** 0. 07 0. 02 -0. 35** -0. 11 
(0.33) (-0. 56) (-0.31) (0. 01) (-0. 01) (-0. 43) (0. 27) 
Straw yield 0.71** 0. 35** 0.44** 0. 26** 0. 09* -0. 12** -0. 40** 
(0.75) (0. 45) (0.61) (0. 35) (0. 12) (-0. 47) (-0. 40) 
^The evaluation experiment above the diagonal and the prediction under it. 
*,**Significant phenotypic correlations at 5 and 1% of probability, respectively. 
Table 23„ Plienot]^ic (genotypic) correlation coefficients between grain yield, 
test weight^ groat ratio, protein percentage, harvest index, and straw 
yield measured on S group experimental oat lines evaluated in evaluation 
experiment at Sutherland 
Characters Grain Test Groat Protein Harvest Straw 
correlated yield weight ratio percentage index yield 
Grain yield 0.10* —0,04 —0.25** 0.48** 0,44** 
(0.18) (-0,08) (-0.43) (0.50) (0.50) 
Test weight 0.16** 0.15** 0.13** —0.03 
(0.12) (0.39) (0.39) (-0.37) 
Groat ratio —0.00 0.20** —0.25** 
(-0.05) (0.27) (-0.37) 
Protein —0.06 -0.20** 
percentage (-0.10) (-0.38) 
Harvest index 0.52** 
(0.89) 
*,**Significant phenotypic correlations at 5 and 1% of probability, respec­
tively. 
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21 
28 
28 
22 
21 
17 
25 
12 
20 
23 
The expected genetic advance from selection (G^) if selection for a 
single trait (top 10%) expressed as a percent of the trait means 
Grain Heading Plant Test Groat Protein Harvest 
yield date height weight ratio percentage index 
G group 
36 -29 -17 14 10 13 17 
(1) 48 -58 -12 9 6 9 34 
(2) 27 - - 3 4 10 10 
V group (good productivity) 
28 - - 8 3 9 11 
36 -59 -12 7 6 5 24 
V group (poor productivity) 
24 - - 6 5 10 12 
30 - - 7 11 7 11 
S group 
22 -33 -9 7 4 10 14 
(1) 35 -45 -13 11 6 3 12 
(2) 23 - - 6 5 7 9 
31 45 13 8 6 8 15 
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were 29 to 59% earlier than the population means, which, if 
expressed as number of days, interprets to 7 to 15 days 
earlier with an average of 11 days (45% of the overall mean). 
The expected gains from selection for shorter plants ranged 
from 9 to 17% with a 13% average gain. 
For test weight, the expected advance ranged from 3 to 14 
with mean of 8%, whereas corresponding gains for protein 
percentage averaged 8% with a range from 3 to 13%. Mean 
genetic advances for groat ratio, harvest index, and straw 
yield were 6, 15, and 23%, respectively, with ranges of 3 
to 11%, 9 to 34%, and 12 to 35%, respectively. 
Generally, the expected gains from selection were high 
for grain and straw yields and heading date, medium for plant 
height and harvest index, and low for test weight, groat 
ratio, and protein percentage. 
Selection via indexes 
The expected gains from selection (Gg) in the prediction 
experiments via multitrait indexes 1 to 9, and the actual gains 
(G^ ) obtained in the progenies of the selected lines measured 
in the evaluation experiments are presented in Tables 25 to 30. 
The use of index 1, which combines selection for grain 
and straw yields using economic weights with a ratio of 2:1, 
respectively, gave G^ 's for grain yield of 17, 18, 19, and 
13% of the population means for the groups, G, V-good environ­
ment, V-poor environment, and S, respectively, whereas the 
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Table 25, Expected genetic gains (Ge) for individual traits 
from selection (10% selection intensity) of oat 
lines in the G group via indexes 1 through 4 in 
prediction experiment and actual gains (G^ ) 
obtained in progenies of selected lines as mea­
sured in evaluation experiments (Ge and G^  are 
expressed as percentages of population trait 
means) 
_ , Traits in indexes Index no. 
and class of Grain Test Protein Straw 
expected gain^  yield weight percentage yield 
Aa 
'As 
17 
5 
3 
40 
3 
2 
G 
E 
'Aa 
As 
4 
-4 
7 
11 
0 
0 
9 
1 
5 
Aa 
'AS 
-28 
-4 
-12 
14 
1 
5 
-4 
- 6  
-4 
E 
'Aa 
'As 
1 
-4 
2 
11 
-1 
0 
4 
2 
-1 
6 
0 
7 
G^^  ^and G^ g denote Ames-1977 and Sutherland-1977 
evaluation experiments, respectively. 
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Table 26. Expected genetic gains (Gg) for individual traits 
from selection (10% selection intensity) of oat 
lines in the G group via indexes 5 through 9 in 
prediction experiments and actual gains (G^ ) ob­
tained in progenies of selected lines as measured 
in evaluation experiments (Gg and Gp^  are expressed 
as percentages of population trait means) 
_ , Traits in indexes Index no. 
and class of Grain Heading Plant Groat Harvest 
expected gain yield date height ratio index 
E 
'Aa 
E 
A^a 
-3 
5 
-17 
3 
27 
19 
10 
7 
Aa 
"As 
31 
9 
5 
13 
6 
3 
Aa 
''As 
33 
13 
4 
5 
- 2  
1 
E 
'Aa 
12 
-12 
25 
25 
0 
-1 
0 
"9 
-4 
-7 
G^j^  ^and G^ p, denote Ames-1977 and Sutherland-1977 
evaluation experiments, respectively. 
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Table 27, Expected genetic gains (Gg) for individual traits 
from selection (10% selection intensity) of oat 
lines in the V good environment group via 6 indexes 
in prediction experiment and actual gains (G^ ) ob­
tained in progenies of selected lines as measured 
in evaluation experiment (G^  and are expressed 
as percentages of population trait means) 
Index no. & Traits in indexes 
class of 
expected Grain Test Groat Protein Harvest Straw 
gain yield weight ratio percentage index yield 
1 Gg 18 - - - - 41 
G^ 1 - - - - 15 
2 Gg 9 10 - - - 2 
G ^  5  4 - - —  4  
3 Gg -13 - - 12 - -2 
G^ -18 - - 4 - -3 
4 Gg 8 10 - -1 - 2 
G^ 6 2- 0 - 5 
7 Gg 31 - - - 9 -
G^ 8 - — — 2 — 
8 Gg 32 - 1 
G^ 5 - - 9 - - — 
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Table 28. Expected genetic gains (Gg) for individual traits 
from selection (10% selection intensity) of oat 
lines in the V-poor environment group via 6 indexes 
in prediction experiment and actual gains (Gj^ ) ob­
tained in progenies of selected lines as measured 
in evaluation experiment (Gg and Gj^  are expressed 
as percentages of population trait means) 
Index no. & Traits in indexes 
class of : 
expected Grain Test Groat Protein Harvest Straw 
gain yield weight ratio percentage index yield 
19 
19 
40 
19 
5 
5 
9 
3 
3 
5 
E -14 
-10 
14 
1 
3 
2 
5 
9 
8 
4 
1 
-3 
3 
6 
30 
15 
5 
3 
30 
15 
4 
-3 
76 
Table 29. Expected genetic gains (Gg) for individual traits 
from selection (10% selection intensity) of oat 
lines in the S group via indexes 1 through 4 in 
prediction experiment and actual gains (G^ ) ob­
tained in progenies of selected lines as measured 
in evaluation experiments (Gg and Gj^  are expressed 
as percentages of population trait means) 
Index no. and 
class of ex­
pected gain^  
Grain 
yield 
Traits in indexes 
Test 
weight 
Protein 
percentage 
Straw 
yield 
Aa 
'As 
13 
-4 
7 
30 
8 
15 
Aa 
'As 
12 
-2  
4 
3 
0 
2 
29 
8 
15 
Aa 
'As 
-11 
- 6  
14 
3 
6 
0 
-2  
-1 
G Aa 
'As 
-4 
9 
• 1  
2 
•1 
1 
1 
27 
8 
16 
G^^  ^and G^  ^denote Ames-1977 and Sutherland-1977 
evaluation experiments, respectively. 
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Table 30. Expected genetic gains (Gg) for individual traits 
from selection (10% selection intensity) of oat 
lines in the S group via indexes 5 through 9 in 
prediction experiment and actual gains (Gj^ ) ob­
tained in progenies of selected lines as measured 
in evaluation experiments (Gg and G^  are expressed 
as percentages of population trait means) 
Index no. and 
class of ex­
pected gain& 
Grain 
yield 
Traits in indexes 
Heading 
date 
Plant 
height 
Groat 
ratio 
Harvest 
index 
Aa 
28 
7 
7 
14 
'Aa 
26 
11 
8 
4 
Aa 
'As 
25 
16 
10 
5 
6 
4 
G. 
Aa 
r: 
"As 
26 
10 
1 
1 
0 
n 
E 
'Aa 
-1 
2 
-29 
-34 
-5 
-4 
1 
19 
5 
8 
and G2^  ^denote Ames-1977 and Sutherland-1977 
evaluation experiments, respectively. 
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corresponding G^ 's (averaged over two evaluation experiments) 
were 4, 1, 19, and 3%, respectively. Mean was 17% and 
mean was 7%. Thus, for grain yield was only 40% as 
large as G^ . The G^ 's for straw yield were 40, 41, 40, and 
30% of the population means and the G^ 's (averaged over two 
evaluation experiments) were 3, 15, 19, and 12% for the groups 
G, V-good environment, V-poor environment, and S, respectively. 
Mean Gg for straw yield was 38%, and mean G^  was 12%. Thus, 
the G^  straw yield was only 31% as large as G^ . Generally, 
index 1 was effective for giving high G^ 's for grain and straw 
yield, but in three of the evaluation experiments G^ 's were 
only 4, 1, and 3%. Only in the V-poor environment evaluation 
experiment were the G^ 's for grain and straw yields good. In 
this experiment the full Gg = 19% was obtained for grain yield 
and half of the Gg = 40% was realized for straw yield. 
Index 2, in which test weights of the oat lines caused 
fluctuations in the economic values per unit of grain yield, 
gave Gg's for grain yield of 4, 9, 5, and 12% and for straw 
yield of 9, 2, 5, and 12% for the groups G, V-good environment, 
V-poor environment, and S, respectively. The corresponding 
mean G^ 's were 2, 5, 6, and 1% for grain yield and 3, 4, 5, 
and 12% for straw yield, respectively. The mean Gg for grain 
yield over groups was 7,5% and the mean G^  was 3.5%; the 
mean Gg for straw yield was 7.0% and the mean G^  was 6.0%, 
Thus, the G^ ys for grain and straw yields were 47 and 85% as 
large as the corresponding Gg's. The mean Gg for test weight. 
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the trait -with indirect effect on the economic value per unit 
of grain yield, was 8% and the mean was only 2%. With 
index 2, the G^ 's for none of the three traits used in the 
index was very large, and straw yield was the only trait for 
which Gg and G^  were similar. 
With index 3, groat-protein percentage had an indirect 
effect on the economic value per unit of grain yield. The 
Gg's for grain yield were -28, -13, -14, and -11% for the oat 
groups G, V-good environment, V-poor environment, and S, re­
spectively, whereas the corresponding mean G^ 's were -8, -18, 
-10, and -7, respectively. Corresponding G^ 's for straw yield 
were -4, -2, 3, and 0% and G^ 's were -5, -3, 2, and -1, re­
spectively. Mean G^  and G^  for grain yield were -16 and -11, 
respectively, and for straw yield they were -1 and -2, re­
spectively. Mean Gg and G^  for protein percentage were 10 and 
2%, respectively. The general effect of adding groat-protein 
percentage with an indirect economic effect on grain yield was 
to cause the grain and straw yields of the selected samples of 
lines to be lower than the population means by 11 and 2%, re­
spectively. The minus effect on grain yield was due to the 
ubiquitous negative correlation between this trait and groat-
protein percentage, and the slight decrease in straw yield 
probably was due to the indirect effect of its positive associa­
tion with grain yield. 
Test weight and protein percentage both had indirect ef­
fects on the economic value per unit of grain yield in index 4. 
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This index gave G^ 's for grain yield of 1, 8, 5, and 13% and 
for straw yield of 6, 2, 3, and 27% for the groups G, V-good 
environment, V-poor environment, and S, respectively. The 
corresponding mean G^ 's were -1, 5, 9, and 3% for grain yield 
and 4, 5, 6, and 12% for straw yield, respectively. The mean 
Gg for grain yield over groups was 7% and the mean G^  was 4%; 
the mean G^  for straw yield was 10% and the mean G^  was 7%. 
Thus, the G^ 's for grain and straw yields were 57 and 70% as 
large as the corresponding G^ 's. The mean G^ 's for test weight 
and protein percentage, the traits which modified the economic 
value per unit of grain yield, were 8 and 1%, respectively, and 
the mean G^ 's were only 1 and 0%. With index 4, no real im­
provement occurred for protein percentage in the four groups 
and test weight in groups G and S whereas for grain and straw 
yields showed a reasonable similarity between Gg and G^  means 
values. 
The use of index 5, which includes heading date as a 
secondary trait with zero economic value to aid selection for 
grain yield was used for selection only with the G and S groups 
because heading dates were recorded at Ames only. This index 
gave G^ 's for grain yield of -3% for the G group but 28% for 
the S group, whereas the corresponding G^ 's were 5 and 7%, re­
spectively. The mean Gg and G^  for heading date both were 17% 
which is a sizable delay in heading. The V group evaluation 
experiment at Ames gave a Gg of 53 and -19% for grain yield and 
heading date, respectively. Thus, for all three groups, the 
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mean G^ 's were 25 and 5% for grain yield increase and delay 
in heading date, respectively. Generally, index 5 gave high 
Gg's for grain yield and for heading date in G and S groups. 
With index 6, plant height with zero economic weight yas 
added as a supplement to enhance gain from selection for grain 
yield. The G^ 's for grain yield were -17% for G group and 26% 
for S group, whereas the corresponding G^ ys were 3 and 11%, 
respectively. Corresponding G^ 's for plant height were 10 and 
8% and G^ 's were 7 and 4%, respectively. The V group evalua­
tion experiment at Ames gave a G^  of 53 and 3% for grain yield 
and plant height, respectively. Thus, for all three groups the 
means of Gg and G^  for grain yield were 21 and 7%, respective­
ly, and for plant height they were 7 and 6, respectively. The 
general effect of adding plant height as a supplemental selec­
tion factor was to cause an increase of 7% above the population 
means for grain yield but the selected samples of lines also 
averaged 5% taller in plant height. 
Index 7, in which harvest index was the secondary trait 
with zero economic weight to supplement grain yield selection, 
gave G^ 's for grain yield of 31, 31, 30, and 25% and for har­
vest index of 13> 9, 5j and 5 for the groups G, V-good environ­
ment, V-poor environment, and S, respectively. The correspond­
ing mean G^ 's were 7, 8, 15, and 13% for grain yield and 5, 2, 
3, and 5% for harvest index, respectively. The mean Gg for 
grain yield over groups was 29% and the mean G^  was 10%j the 
mean G^  for harvest index was 8% and the mean G^  wag 4%. Thus, 
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the G^ ys for grain yield and harvest index were 34 and 50% as 
large as the corresponding G^ 's. With index 7, the G^ 's 
for both traits used in the index were much closer to G^ 's 
for the V-poor environment than for V-good environment (50 vs 
26% for grain yield and 60 vs 22% for harvest index, respec­
tively) . 
The use of index 8, which adds groat ratio with zero 
economic weight to aid selection for grain yield, gave Gg's 
for grain yield of 33, 32, 30, and 26% of the population means 
for groups G, V-good environment, V-poor environment, and S, 
respectively, whereas the corresponding G^ 's (averaged over 
two evaluation experiments) were 7, 6, 15, and 11%, respec­
tively. Mean Gg was 30% and mean G^  was 10%; thus, the for 
grain yield was only 33% as large as G^ . The G^ 's for groat 
ratio were very low with overall mean of 3% whereas the corre­
sponding G^  mean was -2% which is a regression from the popula­
tion mean. Again, V-poor environment showed a better corre­
spondence between Gg and G^  values than V-good environment 
(50 vs 19% for grain yield and difference of -7 vs -9 for 
groat ratio, respectively). Generally, this index gave the 
hiahest G_ for grain yield amona the 9 indexes. 
& - -
Index 9, which includes four secondary traits, i.e., 
heading date, plant height, harvest index, and groat ratio as 
supplements to grain yield selection, gave Gg's for grain yield 
of 12 and -1% for G and S groups, respectively, whereas the 
corresponding G^ 's were -12 and 2%, respectively. G^ 's for 
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heading date, plant height, groat ratio, and harvest index 
were 25, 0, 0, and -4% in G group and -29, -5, 1, and 5% in 
S group, respectively. Corresponding G^ 's were 25, -1, -9, 
and -7% in G group and -34, -4, 19, and 8% in S group, respec­
tively. The data for V evaluation experiment at Ames gave 
Gg's of 4, -15, 0, 18, and 8% for grain yield, heading date, 
plant height, groat ratio, and harvest index, respectively, or 
with the same trend as in S group. The mean G^ 's for these 
traits then were 5, -6, -2, 5, and 3%, respectively, which 
showed a desirable trait response but the mean G^ 's were -5, 
-5, -3, 5, and 1%, respectively, which showed a real decrease 
in grain yield with a close similarity between Gg's and G^ 's 
for the other traits. 
The comparisons of Gg with G^  showed the presence of 
genotype x environment interaction for all traits. Table 31 
presents the mean of G^  and G^  and the ratio of G^ /G^  for grain 
yield as a result of selection via grain yield directly and 
according to selection indexes 1 to 9. Mean ratio across 
indexes (except index 9) was almost the same as the mean 
ratio using selection for grain yield itself (0.42 vs 0.40). 
Therefore, the effect of genotype x environment interaction 
on the selection index evaluation seemed to be almost the same 
as its effect on the single-trait selection. 
As another basis for comparing expected selection advances 
from grain yield alone with those made via the nine indexes, 
I constructed Tables 32 through 37, In these, I have presented 
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Table 31, Means of expected genetic (Gg)^  and actual gains 
(GA)b and ratio of G^ /Gg for grain yield from 
selection via grain yield itself and with indexes 
1 to 9 
Method of 
selection Gg G^  G^ /^G^  
Selection index 
1 17.0 7.0 0.41 
2 7.5 3.5 0.45 
3 -16.0 -11.0 0.68 
4 7.0 4.0 0.57 
5 26.0 6.0 0.23 
6 21.0 7.0 0.33 
7 29.0 10.0 0.34 
8 30.0 10.0 0.33 
9 5.0 -5.0 — 
Selection for 
grain yield alone 31.0 12,3 0,40 
e^an of three prediction experiments for indexes 5, 6, 
and 9 and mean of four prediction experiments for the others. 
M^ean of four evaluation experiments for indexes 5, 6, 
and 9 and mean of six evaluation experiments for the others. 
B^oth Gg and G^  expressed as percent of population means. 
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Table 32, Expected genetic gains (Gg) for individual traits 
from selection (top 10%) of oat lines in the G 
group via indexes 1 through 4 in prediction and 
evaluation experiments (expressed as percentages of 
population trait means) and the ratio of Gg to ex­
pected genetic gains via single trait selection. 
Index no. & 
class of exg Grain 
pected gain yield 
Traits in indexes 
Test 
weight 
Protein 
percentage 
Straw 
yield 
'Ep 
'Ea 
17 (46) 40 (114) 
49 (103) 25 (121) 
'Es 14 (51) 31 (112) 
'Ep 4 (11) 
Ea 19 (41) 
'ES 14 (51) 
11 (82) 
14 (157) 
1 (28) 
9 (25) 
0  ( 0 )  
31 (11) 
Sp 
E^a 
00 1 (-78) 14 (97) -4 
43 (91) -6 (-67) 22 
E^s 28 (106) -5 (-185) 13 
4 
*^ Ep 1 (4) 11 (80)  4 (33) 6 
®Ea 49 (103) 4 (42) -5 (-51) 25 
E^s 28 (105) 1 (47) -6 (-58) 12 
(18) 
Presented in parentheses. 
G^gp, Gg^ , and Ggg denote Gg estimated from Ames-1975, 
Ames-1977, and Sutherland-1977 experiments, respectively. 
Table 33. Expected genetic gains (Gg) for individual traits from selection 
(top 10%) of oat lines in the G group via indexes 5 through 9 in 
prediction and evaluation experiments (expressed as percentages of 
population trait means) and the ratio of Gg to expected genetic gains 
via single trait selection, Gg (Gg/G^ -lOO)^  
Index no. and 
class of J 
expected gain 
Grain 
yield 
Traits in indexes 
Heading 
date 
Plant 
height 
Groat 
ratio 
Harvest 
index 
8 
Ep 
^Ea 
"Ep 
"Ea 
'Ep 
"Ea 
"Es 
"Ep 
"Ea 
"Es 
"Ep 
'Ea 
—3 ( — 8) 
43 (91) 
-18 (-49) 
60 (125) 
31 (86) 
14 (28) 
30 (114) 
33 (91) 
60 (125) 
29 (109) 
12 (34) 
10 (22) 
27 (95) 
-2 (-4) 
25 (88) 
—6 (—10) 
10 (57) 
2 (19) 
0 (0) 
1 (12) 
5 (46) 
7 (102) 
4 (93) 
-4 (-41) 
11 (162) 
13 (74) 
31 (92) 
5 (50) 
1 (4) 
0 (0) 
P^resented in parentheses. 
G^„ , Gp , and G„^  denote G„ estimated from Ames-1975, Ames-1977, and Suther-
£iP Ci s 
land-1977 experiments, respectively. 
Table 34. Expected genetic gains (Gg) for individual traits for selection (top 
10%) of oat lines in the V-good environment group via 6 indexes in pre­
diction (Ggp) and evaluation (Gg^ ) experiments (expressed as percentages 
of population trait means) and the ratio of Gg to expected genetic gains 
via single trait selection, G^  (Gg/Gg.lOO)^  
Traits in indexes Index no . and ; 
class of Grain Test Groat Protein Harvest Straw 
expected gain yield weight ratio percentage index yield 
1 
2 
4 
7 
8 
Ep 
"Ee 
"Ep 
'Ee 
'Ep 
'Ee 
yp 
'Ee 
'Ep 
'Ee 
'Ep 
'Ee 
18 (63) 
39 (109) 
9 (31) 
19 (54) 
-13 (-45) 
-10 (-28) 
8 (29) 
19 (53) 
31 (112) 
24 (66) 
32 (116) 
53 (149) 
10 (127) 
11 (176) 
10 (127) 
12 (180) 
1 (22) 
5 (74) 
12 (157) 
7 (109) 
-1 (-12) 
—1 (—3l) 
9 ( 80) 
29 (122) 
41 (148) 
31 (145) 
2 (7) 
(134) 
(-7) 
(-3) 
(5) 
( 8 )  
3 
- 2  
-1 
2 
2 
^Presented in parentheses. 
Table 35. Expected genetic gains (Gg) for individual traits from selection (top 
10%) of oat lines in the V-poor environment group via 6 indexes in pre­
diction (Ggp) and evaluation (Ggg) experiments (expressed as percentages 
of population trait means) and the ratio of Gg to expected genetic gains 
via single trait selection, G^  (Gg/G^ .lOO)^  
Traits in indexes Index no. and 
class of Grain Test Groat Protein Harvest Straw 
expected gain yield weight ratio percentage index » yield 
1 Sp 
E^e 
19 (80) — — — — 40 (190) 
22 (72) - — - - 31 (181) 
2 Sp 
E^e 
5 (22) 9 (133) - - - 3 (14) 
6 (20) 8 (121) - - - 2 (9) 
3 °Ep 
E^e 
-14 (-58) - - 14 (135) - 3 (130) 
31 (103) - - 1 (8) - 12 (69) 
4 ®Ep 
E^e 
5 (21) 8 (130) - 1 (6) - 3 (16) 
5 (18) 8 (121) - 0 (0) - 1 (4) 
7 ®Ep 
E^e 
30 
26 
(126) 
(87) 
5 (45) 
12 (114) 
8 ®Ep 
E^e 
30 (126) - 4 (80) —• - -
31 (102) — 3 (30) 
^Presented in parentheses. 
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Table 36. Expected genetic gains (Gg) for individual traits 
from selection (top 10%) of oat lines in the S 
group via indexes 1 through 4 in prediction and 
evaluation experiments (expressed as percentages 
of population trait means) and the ratio of Gg 
to expected genetic gains via single trait 
selection, Gg (G^ /G .100)^  
Index no. & 
class of ex- Grain 
pected gain" yield 
Traits in indexes 
Test 
weight 
Protein 
percentage 
Straw 
yield 
'Ep 
'Ea 
13 (59) 30 (118) 
37 (107) 21 (169) 
'Es 21 (93) 29 (140) 
2 
°Ep 
Sa 
12 (53) 3 (37) - 29 (114) 
25 (74) 13 (126) - 16 (135) 
Ss 23 (101) 3 (43) - 28 (136) 
3 % 
Sa 
-11 (-51) - 14 (173) 0 (0) 
—20 (-59) - 9 (87) -2 (-16) 
S s 20 (88) — -6 (-105) 27 (132) 
4 
^Ep 
Sa 
13 (57) 3 ( 33) -1 (-9) 27 (107) 
26 (76) 13 (123) 5 (160) 17 (138) 
Ss 23 (99) 4 (77) —5 (-80) 27 (132) 
P^resented in parentheses, 
"Ggp, and G^  ^denote Gg estimated from Ames-l975, 
àmes-1977, and Sutherland-1977 experiments, respectively. 
Table 37. Expected genetic gains (Gg) for individual traits from selection (top 
10%) of oat lines in the S group via indexes 5 through 9 in prediction 
and evaluation experiments (expressed as percentages of population trait 
means) and the ratio of Gg to expected genetic gains (Gg) via single 
trait selection (Gg/G^ .lOO)^  
Index no. and 
class of J 
expected gain 
Gram 
yield 
Traits in indexes 
Heading 
date 
Plant 
height 
Groat 
ratio 
Harvest 
index 
5 
6 
7 
8 G 
Ep 
'Ea 
'Ep 
'Ea 
'Ep 
'Ea 
'Es 
Ep 
'Ea 
'Es 
'Ep 
'Ea 
28 (125) 
40 (114) 
26 (120) 
42 (123) 
25 (116) 
12 (35) 
29 (127) 
26 (120) 
40 (116) 
32 (142) 
—1 (—4) 
12 (35) 
7 (21) 
-26 (-58) 
-29 (-90) 
14 (30) 
8 (83) 
0  ( 0 )  
-5 (-55) 
-1 (-5) 
1 (19) 
14 (238) 
3 (68) 
1 (17) 
8 (305) 
5 (35) 
38 (315) 
16 (180) 
4 (32) 
18 (153) 
P^resented in parentheses. 
G^gp, Gg^ y and Pgg denote G.g estimated from Ames-1975, Ames-1977, and Suther-
land-1977 experiments, respectively. 
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the Gg's for a group of oat lines from all experiments (i.e., 
prediction and evaluation) in which the lines were tested. 
Additionally, I computed the G^ 's for the indexes relative 
to Gg's for single trait selection. These latter values are 
given in parentheses in the tables. 
Generally, for grain yield G^ 's from the evaluation ex­
periments were greater than those from prediction experiments 
for all indexes except index 7 for all oat groups and index 9 
for G group. Also, the G^ 's for grain yield from the Ames 
evaluation experiments were larger than the corresponding 
Gg's for the Sutherland (i.e., G and S groups only) tests 
except with index 7 and index 3 for S group. Some of these 
differences in Gg's from various experiments were manifested 
in the directions of response, e.g., with index 3, generally 
grain yield had a different direction of response than did 
protein percentage; with index 5, grain yield and heading 
date tended to have G^ 's with opposite signs; and with index 
5, Gg's for grain yield and plant height, although not 
opposite in sign, had offsetting high and low values. These 
cases illustrate the very great effect that the environment 
can have upon selection index evaluation; and especially 
this is true for those indexes that contained traits that 
fluctuated so much in different environments, e.g., heading 
date and plant height which enter indexes 5 and 6, respec­
tively. 
With index 1, the mean Gg's for grain yield were 27, 29, 
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21, and 24% for oat groups G, V-good environment, V-poor en­
vironment, and S, respectively, whereas the corresponding mean 
ratios of Gg/G^  were 67, 86, 76, and 86%, respectively. Corre­
sponding mean G^ 's for straw yield were 32, 36, 36, and 27% 
and mean ratios of Gg/G^  ratio for grain and straw yield were 
25 and 79%, and 33 and 148%, respectively. This is a good 
illustration of the compromise that can occur in selective 
advantages among traits when one substitutes an index with 
several traits for single-trait selection. With index 1, 
in which grain and straw were given selection weight, the 
mean Gg for grain yield was only 79% as great as the Gg for 
selection for grain yield only. On the other hand, mean im­
provement in the index 1 Gg for straw yield was 148% of that 
when straw yield was selected solely. 
Index 2 gave mean Gg's for grain yield of 12, 14, 6, and 
20% and for straw yield of 13, 3, 3, and 24% for the groups 
G, V-good environment, V-poor environment, and S, respectively. 
The correspmding mean Gg/G^  were 24, 43, 21, and 76 for grain 
yield and 45, 71, 12, and 128% for straw yield, respectively. 
The mean Gg for grain yield over groups was 13% which equalled 
only 45% of direct selection for grain yield; the .mean Gg for 
straw yield was 11% which was equal to 64% of G^  of direct 
selection for straw yield. The mean Gg for test weight was 
8% over all groups of 103% as efficient as G^ . With index 2, 
S group showed relatively high Gg's for straw yield, This in­
dex showed a good Gg for test weight in spite of the fact 
93 
that this trait had a relatively minor effect on the economic 
value per unit of grain yield and no economic effect on straw 
yield. 
The use of index 3 gave somewhat confusing results for 
grain yield. In all prediction experiments (i.e., 1975 tests), 
there were negative Gg's for grain yield, positive G^ 's for 
protein percentage, and small negative to positive Gg's for 
straw yield. This is the result that would be expected when 
emphasis was placed on protein percentage as an indirect 
economic factor for grain yield because of the negative corre­
lations between grain yield and groat protein percentage. In 
the evaluation tests, however, four of the six G^ 's for grain 
yield were positive, and the corresponding G^ 's for protein 
percentage were positive. In several experiments the Gg for 
grain yield (e.g., 1977 Sutherland) was larger than G^ . The 
mean G^ 's for grain yield were 14, -12, 9, and -6% of the 
population means for groups G, V-good environment, V-poor 
environment, and S, respectively, whereas the corresponding 
mean G^ 's for protein percentages were 1, 5, 5, and 6% of 
the population means, respectively. The mean G^ 's for straw 
yield were 10, =2, 8, and 8% of the population means, respec­
tively. The mean ratios of Gg to G^  over all groups were 
30, 68, and 60% for grain yield, protein percentage, and 
straw yield, respectively, using index 3. 
Except for protein percentage, index 4 gave positive 
Gp's for the three grain and straw yield and test weight 
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traits in all experiments. Gg's for protein percentages 
varied from -6 to +5% of the population means of the four 
oat groups. Mean G^ 's for test weight were 15, 11, 8, and 7%; 
Gg's for protein percentage were -2, -1, 1, and -1%; and Gg's 
for straw yield were 15, 2, 2, and 24% for groups G, V-good 
environment, V-poor environment and S, respectively. Means 
for ratios of G_ to G were 52, 104, 17, and 52% for grain 
yield, test weight, protein percentage, and straw yield, re­
spectively. Thus with index 4, for grain and straw yield,. 
each was increased about half of what was expected from se­
lecting for either of these traits independently, protein 
percentage was changed very little, but test weight was im­
proved more than expected from direct selection for this trait. 
Index 5 was used "only for the G and S group prediction 
and evaluation experiments, also for V group evaluation ex­
periment at Ames. Mean G^ 's were 20, 53, and 24% of the popu­
lation mean for grain yield whereas they were 12, -19, and 
-10% of the population mean for heading date for groups G, 
V, and S, respectively. The mean ratios of Gg/G^  were 117% 
for grain yield and -2% for heading date. Thus, the addi­
tion of heading date as a secondary selection trait in index 
5 gave mean Gg 17% more than G^  and the population selected 
was 2% earlier. 
Use of index 6 was restricted to the same experiments 
in index 5, and the results from the two indexes were quite 
similar. Mean G^ 's as percent of population means were 21, 
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53, and 34% for grain yield and 5, 3, and 4% for plant 
height for the groups G, V, and S, respectively. The mean 
ratios of Gg/G^  across populations were 115% for grain 
yield and 35% for plant height. Index 5 gave an increase in 
grain yield by 15% more than expected from G^  but the popula­
tion of lines were 4% greater in plant height also. 
Index 7 used harvest index as a secondary selection 
trait, and it gave mean G^ 's for grain yield of 25, 28, 28, 
and 22% of the population means for groups G, V-good environ­
ment, V-poor environment, and S, respectively. The corre­
sponding mean G^ 's for harvest index -were 16, 19, 9, and 20% 
of the population means for the four groups, respectively. 
Mean G^ 's for grain yield and harvest index over all groups 
were 26 and 16%, respectively, of the population means, which 
were 91 and 102% as efficient as the G^ 's, respectively. Both 
of these are excellent efficiencies. 
Index 8 gave mean Gg's of 41, 43, 31, and 33% of the 
population means for grain yield for groups G, V-good environ­
ment, V-poor environment, and S, respectively. The corre­
sponding Gg's as percent of population means for groat ratio 
were 5, 3, 4, and 5% for the four groups, respectively. 
This is a very interesting index because it gave a Gg/G^  
ratio of 120 across all groups for grain yield. This hap­
pened in spite of the fact that grain yield and groat ratio 
•were not closely associated. The Gg/G^  ratio for groat ratio 
was 73%, 
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Index 9, applied to groups G and S prediction and evalua­
tion experiments and to V group evaluation at Ames, gave mean 
G„'s of 11, 4, and 6% of the population means for grain yield; 
mean G_'s of 4, 18, and 10% of the population means for groat h 
ratio; mean G^ 's of 10, -15, and -8% of the population means 
for heading date; mean G^ 's of 1, 0, and -3% of the population 
means for plant height; and mean G^ 's of 1, 8, and 11% of the 
population means for harvest index in the G, V and S groups, 
respectively. Mean Gg/G^  ratios over groups were 19, -6, 
-8, 129, and 43% for grain yield, heading date, plant height, 
groat ratio, and harvest index, respectively. Obviously, this 
is a "compromise" index in which only groat ratio is selected 
very efficiently. 
As with the comparisons of Gg with G^ , the Gg values 
obtained with use of a given index on one group in several 
experiments were highly variable. These variable results, 
which could predict both positive and negative Gg for the 
same trait in the same group was due to genotypic x environ­
ment interaction, but it is a disconcerting factor to one try­
ing to assess the value of given genotypes (Tables 32 to 37). 
Only indexas 5, 6, and 8 gave G^ 's for grain yields that 
were greater than the comparable G^ 's. In fact, these indexes 
were 17, 15, and 20% more efficient than direct selection for 
grain yield, respectively. Also test weight and groat ratio 
were selected efficiently in the indexes that involved them 
as secondary selection traits. 
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Expected Means for the Various Traits 
from the Selected Lines 
It is interesting to compare the expected means for the 
various agronomic traits from the samples of lines chosen by-
using the nine selection indexes and selection for grain or 
straw yield alone (Table 38). Index 1 gave sizable increases 
of 25 and 31% for grain and straw yields, respectively, while 
the means for test weight, groat ratio, and protein percent­
age were held near the population means and harvest index was 
reduced 4%. These were accompanied with a delay of two days 
in heading and four cm increase in plant height. Addition of 
test weight, as in index 2, caused the selected sample to have 
an 8% increase in this trait, but the selection gains in grain 
and straw yields were reduced to 14 and 13%, respectively. 
Groat ratio, protein percentage, and harvest index remained 
near the population means for these traits. The use of pro­
tein percentage as an indirect factor on economic value per , 
unit of grain yield in index 3 caused most traits in the se­
lected sample to remain near the population means. Only pro­
tein percentage was increased 6% relative to the population 
mean and straw yield which was increased 8% were changed appre­
ciably by index 3, Index 4 which includes grain and straw 
yield plus grain price modification by test weight and protein 
percentage gave a rather good compromise for expected gains 
from selection. Grain and straw yields were increased 17 
and 19%, respectively, test weight was increased 10%, and 
Table 38. Expected means for the various traits for the selected oat lines (10% 
selection intensity) across groups using six selection indexes and se­
lection for grain yield or straw yield alone expressed as percentages 
of population trait means^ , over all prediction and evaluation experi­
ments 
Grain Heading Plant Test Groat Protein Harvest Straw 
yield date height weight ratio percentage index yield 
(%) (days) (cm) (%) (%) (%) (%) (%) 
Selection 
method 
Selection index 
1 
2 
3 
4 
9 
8 
125 
114 
103 
117 
126 
136 
2 
-lb 
•1 
0 
•3 
• 2  
3 
•1 
3 
• 1  
2 
lOl 
108 
100 
110 
103 
103 
101 
102 
99 
102 
101 
105 
98 
98 
106 
99 
96 
95 
96 
101 
98 
102 
116 
108 
131 
113 
108 
119 
100 
116 
Selection for 
Grain yield 137 
Straw yield 116 
1 
4 
3 
4 
103 
100 
102 
99 
95 
99 
109 
90 
117 
134 
M^eans for heading date and plant height over five experiments (Ames site 
only), whereas for the other traits over all ten experiments. 
'^ Negative values for early and short plants in days and cm, respectively. 
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protein percentage, groat ratio, heading date, and harvest 
index remained at the level of the population means but 
plant height increased by 3 cm. Index 7, in which grain 
yield and harvest index were used as selection criteria gave 
26 and 15% improvements in these traits, respectively, whereas, 
plant height, test weight, groat ratio, and straw yield re­
mained at the population mean level, and protein percentage 
was reduced 4% while heading date was earlier by three days. 
With this index, the increased grain yield was due primarily 
to increased harvest index. Groat ratio was the auxiliary 
trait to grain yield in index 8, but this trait was increased 
only 5% with this index. Grain and straw yields were increased 
by 36 and 16%, respectively, and test weight and harvest index 
were increased 3 and 8%, respectively, and protein percentage 
was reduced 5%, With this index, selected lines were two 
days earlier and 2 cm taller than the population mean. The 
gains from selecting via index 8 and via grain yield alone were 
quite similar. Selection for straw yield alone gave 16 and 
34% increases in grain and straw yields, respectively. Har­
vest index was reduced 10%, but test weight, groat ratio, and 
protein percentage remained at the levels of the population 
means. This index showed delayed in heading date by 4 days 
and increased plant height by 4 cm. All in all, selection 
via index 1, index 4, or grain yield alone would appear to 
be the best when all traits are considered. 
Indexes 5, 6, and 9 were evaluated only in five experi-
100 
ments which had good environments (V-poor environment experi­
ments were not included), so the trait means for groups of 
lines for all nine indexes over these five experiments are 
presented in Table 39. Index 5 gave 31 and 15% increases 
for grain and straw yields, respectively, whereas test weight 
and harvest index increased by 11 and 10%, respectively, and 
protein percentage decreased 3%. Groat ratio and heading 
date remained at the population mean levels but plant height 
increased 3 cm. Index 6 which included plant height as 
secondary trait with grain yield increased plant height for 
the selected lines by 5 cm and gave similar gains to those of 
index 5 except for test weight which was increased by only 
4%. Grain yield, groat ratio, and harvest index were in­
creased by 7% of the population means when index 9 was used, 
whereas the other traits were held at the levels of the popu­
lation means. 
Economic Values of the Selected Lines 
Perhaps the most meaningful method for assessing the 
values of selecting via the nine indexes and grain or straw 
yields alone, is to compare the economic yields that vould be 
realized from the selected samples on a per plot basis. 
Therefore, I computed an economic value (on a per plot basis) 
for each selected line and then averaged these lines within 
a selected group for each selection index. This was done by 
computing the value of grain + straw yields for a line as 
Table 39. Expected means for the various traits for the selected oat lines (10% 
selection intensity) across groups using six selection indexes and se­
lection for grain yield or straw yield alone expressed as percentage of 
population trait means over five prediction and evaluation experiments 
Grain Heading Plant Test Groat Protein Harvest Straw 
Selection yield date ' height weight ratio percentage index yield 
method (%) (days) (cm) (%) (%) (%) (%) (%) 
Selection index 
1 
2 
3 
4 
5 
6 
7 
8 
9 
128 
115 
92 
119 
131 
130 
112 
140 
107 
2 
-1^ 
-1 
0 
-1 
0 
-3 
- 2  
•1 
-1 
3 
3 
5 
-1 
2 
-2 
111 
110 
103 
108 
111 
104 
108 
105 
103 
102 
104 
101 
103 
102 
103 
102 
106 
107 
98 
99 
107 
97 
97 
97 
96 
95 
99 
102 
104 
97 
104 
110 
112 
121 
116 
106 
129 
111 
104 
116 
115 
115 
92 
115 
99 
Selection for 
Grain yield 
Straw yield 
145 
116 
1 
4 
3 
4 
112 
102 
103 
100 
95 
99 
117 
92 
115 
133 
N^egative values for early and short plants in days and cm, respectively. 
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Economic value (per plot basis) = [(4* + premium 
from test weight + premium from protein percentage) x 
(grain yield)] + 2* (straw yield). 
Mean economic values for the groups of lines selected 
via each index and grain or straw yield alone in the 10 
experiments are presented in Table 40, 
When the economic values from direct selection for grain 
yield was equated to 100%, all indexes gave economic values 
less than the 100% level except for index 1 which showed 
three cases with values greater than 100% and one instance for 
each index 5 and 6. When ordered according to the relative 
values of the worth of the groups of lines selected, direct 
selection for grain yield, of course, averaged 100% and no 
index gave relative economic worth consistently at or greater 
than 100%. The order of the indexes from highest to lowest 
value was indexes 1 and 8 followed by direct selection for 
straw yield and then in order by indexes 6, 5, 7, 2, 4, 3, 
and 9. 
Indexes 2 and 3 gave sizable increases in test weight and 
protein percentage, respectively, but the concomitant reduc­
tion in grain and/or straw yields more than offset the in­
creased grain prices due to premiums for higher test weight 
and protein percentage, and the composite result was a reduc­
tion in the economic worth of the selected oat lines relative 
to direct selection for grain yield. Direct selection for 
Table 40. Mean economic values in cents per plot for samples 
of selected lines (10% selection intensity) using 
selection indexes and selection for grain or straw 
yield and economic values for the indexes ex­
pressed relative to those for grain-yield 
selections 
Selection 
Experiment 1 2 3 4 
G group 
Prediction 1.131 0.954 0.739 0.937 
(98)3 (83)  (64) (82)  
Evaluation (1) 1.240 0.990 1.198 0.990 
(102) (82) (99) (82)  
Evaluation (2) 1.278 1.278 1.309 1.310 
(93) (93) (95) (95) 
V group - good conditions 
Prediction 1.201 0.859 0.738 0.858 
(99) (84)  (72)  '  (83)  
Evaluation 1.255 1.056 0.889 1.056 
(101) (85)  (71) (85) 
V group - poor conditions 
Prediction 0.892 0.742 0.646 0.749 
(98) (82)  (71) (83) 
Evaluation 1.042 0.856 1.039 0.882 
(99) (81) (99) (84)  
S group 
Prediction 1.343 1.336 1.044 1.326 
(96) (96) (75) (95) 
Evaluation (1) 1.343 1.283 0.924 1.287 
(101) (96) (59) (97) 
Evaluation (2) 1.337 1.335 1.309 1.335 
(100) (100) (98) (100) 
P^ercent of value for grain-yield selections. 
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index number Grain Straw 
5 5 7 8 9 yield yield 
0.917 0.859 1.071 1.135 0,998 1.148 1.130 
(80)  (75) (93) (99) (87) (100)  (98) 
1.208 1.219 0.851 1.201 0.947 1.214 1.168 
(99) (100) (70) (99) (78) (100) (96) 
- - 1.341 1.334 - 1.372 1.327 
(98) (97) (100) (97) 
1.005 0.984 1.027 1.007 
(98) (96) (100) (98) 
1.233 1.249 0.964 1.246 0.923 1.247 1.185 
(99) (100) (77) (100) (74) (100) (95) 
0.886 0 .906 - 0.906 0.888 
(98) (100) (100) (98) 
0.987 1,050 - 1.055 1,030 
(94) (100) (100) (98) 
1.408 1.498 1.358 1.391 1.075 1.397 1.365 
(101) (107) (9/) (100) (77) (100) (97) 
1.286 1.306 1.002 1.302 1.117 1.331 1.231 
(97) (98) (75) (98) (84)  (100) (93) 
- —• 1.270 1.340 - 1.340 1.283 
(95) (100) (100) (96) 
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grain yield caused a 5% reduction in protein percentage over 
all groups, but the lowered price per unit of grain yield was 
more than compensated by the very large increases in grain 
yield (37% over all experiments). 
Restricted Selection Indexes 
Restricted selection indexes were developed to circumvent, 
insofar as possible, undesirable correlations that exist among 
traits within populations of organisms. Therefore, the 
manipulation that occurs during the treatment of data as it 
is put into the restricted index matrix creates an "index 
value" that has zero genetic correlation with the restricted 
trait. An example in my study where the application of a re­
stricted selection index might be helpful to obtain more de­
sired gains would involve negative correlations between grain 
or straw yields, the traits with direct economic values, with 
protein percentage. With a restricted selection index it 
might be possible to restrict protein percentage at the popu­
lation mean and at the same time increase grain and straw 
yields appreciably. Therefore, I applied the restriction pro­
cedure to selection indexes 2 and 3 for the four prediction 
experiments. 
The Gg's from using selection indexes 2 and 3 in the 
restricted and unrestricted forms for the four prediction 
experiments are shown in Table 41. The restriction was for 
test weight in index 2 and for protein percentage in index 3. 
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Table 41. Gg's for grain and straw yield, test weights, and 
protein percentage when unrestricted and re­
stricted^  selection indexes were applied to the 
four prediction experiments 
Characters in 
the index 
Prediction experiments 
V group V group 
G group (Ames) (Kanawha) S group 
Index 2 
Mean 
Unrestricted 
Grain yield 
Test weight 
Straw yield 
4 
11 
9 
9 
10 
2 
5 
9 
3 
12 
3 
29 
8 
8 
11 
Restricted 
Grain yield 
Test weight 
Straw yield 
5 24 35 22 22 
12 3 2 3 5 
9 23 28 29 22 
Index 3 
Unrestricted 
Grain yield -28 -13 -14 -11 -17 
Protein percentage 14 12 14 14 14 
Straw yield -4 -2 3 0 -1 
Restricted 
Grain yield 1 2 2 39 11 
Protein percentage 15 12 14 1 11 
Straw yield -6 -1 4 11 2 
R^estriction is for test weight in index 2 and for 
protein percentage in index 3. 
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In all instances, the restriction increased the Gg's for 
grain yield. With index 2, the Gg's for yield were increased 
from 4, 9, 5, and 12% without restriction to 5, 24, 35, and 
22% with restriction in groups G, V at Ames, V at Kanawha, 
and S group, respectively. The mean Gg for grain yield with 
restriction on test weight was 22%, a value nearly three times 
as great as the 8% increase without restriction. Similarly, 
the mean Gg for straw yield was nearly doubled by applying 
the restriction to test weight. And, further, no changes 
occurred in the G^ 's for test weight in G and S groups, but 
they were reduced considerably in V group at both locations. 
Mean G^ 's for test weight were 8 and 5% without and with re­
striction applied to index 2. For index 3, the G^ 's for grain 
yield changed from negative to positive in every population 
when the restriction was applied to hold protein percentage 
to the population means. All increases in G^ 's for grain 
yield were dramatic when the protein percentage restriction 
was applied, but improvements of the order that occurred in 
the G group (from -28 to +l) and S group (from -11 to +39) 
were completely unexpected. The mean Gg for grain yield 
across groups was changed from -17 to -i-11%. Gg for straw yield 
changed very little, and the Gg's for protein percentage for 
groups G, V at Ames, and V at Kanawha were nearly the same 
with and without restriction. Only in the S group was the 
Gg for protein percentage reduced drastically. The mean Gg 
for protein percentage was only reduced from 14 to 11% of the 
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population means when the restriction was applied. 
When I applied restrictions for test weight and protein 
percentages in indexes 2 and 3, respectively, the resulting 
samples of selected lines were expected to have test weights 
or protein percentages equal the population means. Contrary 
to these expectations, the mean G^'s for test weight and pro­
tein percentage were sizable positive values in spite of the 
restrictions. The most likely explanation for this anomaly 
is that neither trait was actually assigned zero economic 
weight in the index equations, i.e., lines selected for grain 
yield were in part determined by the premiums obtained for 
test weight or for protein percentage in indexes 2 and 3, re­
spectively. This may be a beneficial spinoff of the restric­
tion procedure that has not been encountered previously. 
Probably the most meaningful comparison for restricted 
vs unrestricted selection indexes can be derived from the 
economic values for groups of lines selected via the two pro­
cedures. Table 42 shows the means of the selected lines via 
unrestricted and restricted index 2 and the economic values 
for each group of lines in cents and in percent of the 
economic value for grain=yield selection per se. Means of 
grain yield increased when restriction procedure was applied 
in all groups, whereas straw yield increased only in group V 
at both sites. Restriction caused some reduction in plant 
height, whereas harvest index and grain and straw yields were 
increased materially and the other traits were similar with 
Table 42. Means of selected lines using the unrestricted and restricted selection index 2 
for the eight traits and the mean economic values per plot in cents and relative 
to those for grain-yield selection per se 
Grain Heading Plant Test Groat Protein Harvest Straw 
Experi- yield date height weight ratio percentage index yield 
ments (lb/plot) (days) (cm) (Ib/bu) (%) (%) (%) (lb/plot) 
Economic value 
Cents (%) 
G group 
V group 
at Ames 
V group 
at Kanawha 
S group 
0.1285 
0.1252 
0.1160 
0.1770 
27 102 
Unrestricted index 2 
35 75 18.0 
36 74 18.6 
24 114 
36 
36 
72 
74 
1 7 . 2  
17.6 
38 
43 
47 
37 
0.2105 
0.1671 
0.1306 
0.2989 
0.954 
0.859 
0.742 
1.336 
83 
84 
82 
96 
G group 
V group 
at Ames 
V group 
at Kanawha 
S group 
0.1302 
0.1430 
0.1491 
0.1934 
27 92 
Restricted index 2 
35 78 18.0 
74 18.6 
24 108 
33 
34 
36 
72 
76 
16.9 
17.6 
42 
38 
54 
37 
0.2105 
0.2020 
0.1629 
0.2985 
0.961 
0.995 
0.931 
84 
97 
103 
1.400 100 
^Percent of grain-yield selection economic value. 
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and without restrictions. Mean economic values for this 
index increased from 83, 84, 82, and 96% for groups G, V at 
Ames, V at Kanawha, and S with unrestricted index, respective­
ly, to 84, 97, 103, and 100% of the economic value for direct 
selection for grain yield with restriction, respectively. 
Table 43 shows the means of the selected lines using the un­
restricted and restricted procedures with index 3 along with 
mean economic values per plot in cents and relative to the 
economic value for lines selected via grain yield per se. 
Again, the restriction procedure caused marked increases in 
grain yield for all four groups whereas straw yields showed 
little improvement. Protein percentages decreased in the S 
group and groat ratio increased in groups G and V at Ames, 
but the other traits held at the same levels as the means for 
unrestricted selection. The economic values increased from 
64, 72, 71, and 75% with the unrestricted index to 77, 79, 
80, and 102% in the restricted index for groups G, V at Ames, 
V at Kanawha, and S, respectively. 
Correlations Among Grain Yield and 
Various Index Values 
The primary trait of importance in all selection indexes 
was grain yield, and it had a major influence in assigning 
economic values to the oat lines for all indexes. Correla­
tion coefficients between the grain yields and values assigned 
to the oat lines via the various indexes and the percentages 
Table 43. Means of selected lines using the unrestricted and restricted selection index 3 
for the eight traits and the mean economic values per plot in cents and relative 
to those for grain-yield selection 
Experi­
ments 
Grain 
yield 
(lb/plot) 
Heading 
date 
(days) 
Plant 
height 
(cm) 
Test 
weight 
(Ib/bu) 
Groat 
ratio 
(%) 
Protein 
percentage 
(%) 
Harvest 
index 
(%) 
Straw 
yield 
(lb/plot) 
Economic value 
Cents (%)^ 
Unrestricted index 3 
G group 0.0890 25 94 30 69 19.7 32 0.1855 0,739 64 
V group 
at Ames 
0.1007 - - 31 72 21.2 39 0.1608 0.738 72 
V group 
at Kanawha 
0.0950 - - 34 72 19.8 47 0.1269 0.646 71 
S group 0.1407 20 108 34 73 19.9 38 0.2315 1.044 75 
Restricted index 3 
G group 0.1243 25 80 30 80 20.0 37 0.1827 0.879 77 
V group 
at Ames 
0.1170 - - 31 75 21.3 33 0.1630 0.809 79 
V group 
at Kanawha 
0.1122 - - 34 73 19.9 43 0.1285 0.720 80 
S group 0.2200 20 109 35 73 17.3 43 0.2563 1.426 102 
^Percent of grain-yield selection, economic value. 
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of oat lines common to the samples selected via grain yield 
alone and via selection index values are presented in Table 44. 
All correlations were significant or highly significant except 
a few cases (7 of 75), The indexes for which there was the 
best association between grain yields and index values of oat 
lines were numbers 6 and 8 where most r values were above 
0.90. Indexes 1, 5, and 7 tended to give high r's but each 
showed one or two experiments with low and generally nonsig­
nificant r values. Pooled r values for these three indexes 
ranged from 0.69 to 0.90. Indexes 2, 4, and 9 showed many 
significant correlations between grain yield and index values, 
but generally, the correlations were moderate to low in mag­
nitude. For index 3, five of ten of the correlations were 
negative. 
The expected percentage of lines common to two selected 
groups on chance alone was 10^. Generally, whether the per­
centages of common lines was near the 10% expected of higher 
or lower than expected was predicted well by the correlation 
coefficients. 
The correlations among same selection indexes for same 
group of lines in different sites or years are presented in 
Table 45. There were not many significant coefficients. This 
was due to genotypic x environment interactions that occurred 
when a group of lines was tested in different environments. 
Index 1 and 8 showed four significant correlations out of 
eight, but for all other indexes, there were only one or two 
Table 44. Correlation coefficients between grain yield and 
the corresponding index values, and the percentage 
(in parentheses) of common lines among selections 
based on yield alone or index value^ 
Number of index number 
selected 
Experiments lines 
urouu 
Prediction 20 0.72** 0.06 -0.37** 
(30) (10) (5) 
Evaluation (1) 20 0.85** 0.41** 0.60** 
(65) (20) (65) 
Evaluation (2) 20 0.58** 0.56** 0.78** 
(45) (40) (75) 
V arouD 
Prediction 48 0.02 0.24* -0.26** 
(40) (55) (6) 
Evaluation 48 0.75** 0.35** -0.10 
(54) (23) (6) 
V arouTD 
Prediction 48 0.82** 0.21** 0.28** 
(60) (15) (0) 
Evaluation 48 0.58** 0.25** 0.97** 
(48) (15) (88) 
S arouD 
Prediction 50 0.20* 0.67** -0.22* 
(30) (24) (0) 
Evaluation (l) 50 0.85** 0.65** -0.24* 
(52) (32) (0) 
Evaluation (2) 50 0.89** 0.17 0.71** 
(44) (8)  (46) 
Mean correlation 0.69 0.36 0.35 
^The expected percentage of lines common to two selected 
groups randomly was 10%, 
*,**Significant phenotypic correlations at 5 and 1% of 
probability, respectively. 
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Index number 
4 5 6 7 8 9 
0.04 -0.20* -0.64** 0.90** 0.96** 0.27* 
(5) (10) (0) (70) (65) (35) 
0.40** 0.74** 0.96** 0.14 0.83** 0.49** 
(20) (50) (90) (5) (95) (20) 
0.79** - - 0.95** 0.79** 
(75) - - (90) (80) 
0.22** - - 0.97** 0.99** 
(55) - - (96) (98) 
0.35** 0.98** 0.96** 0.14 0.98** 0.21* 
(22.9) (83) (90) (29) (88) (13) 
0.17 - - 0.99** 0.97** 
(6.25) - - (46) (44) 
0.24* - - 0.93** 0.99** 
(10.42) - - (58) (83) 
0.55** 0.99** 0,96** 0.95** 0.99** 0.29** 
(36) (94) (79) (81) (90) (4) 
0.66** 0.24* 0.99** 0.78** 0.90** 0.28* 
(36) (64) (90) (18) (72) (16) 
0.71** - -  0.80** 0.99** 
(48) - - (72) (100) 
0.45 0.89 0.95 0.90 0.98 0.28 
Table 45. Degree of significance for correlations between oat line values from the 
same selection index and group of lines when evaluated in different sites 
or years 
Index 
Experiments 1 2 3 4 5 6 7 8 9 
G group, prediction 
and evaluation (l) NS^ NS NS NS NS NS NS *  *  
G group, prediction 
and evaluation (2) NS NS NS NS - - * *  * *  -
G group, evaluation 
(1) and (2) * *  NS NS NS - - NS *  -
V group (good condition) 
prediction and 
evaluation *  NS * *  NS _ NS NS 
V group (poor condition) 
prediction and 
evaluation * * * * NS *  NS *  — 
S group, prediction 
and evaluation (1) NS NS NS NS NS NS NS NS : •  *  
S group, prediction 
and evaluation (2) *  NS NS NS - - NS NS -
S group, evaluation 
(1) and (2) NS *  *  NS NS — - NS NS -
= nonsignificant. 
*,**Significant at 5% and 1%, respectively. 
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significant ones. 
To test the effect that particular estimates for variance 
and covariance may have upon the sensitivity of the selection 
index, index 4 was recomputed using the variance and covariance 
components from the same group of lines in another location 
(V group in Ames and Kanawha). Table 46 presents the index 
weights for the four traits included in this index and the 
correlation between the grain yields and index values. Gen­
erally, there were only slight differences in the index weight 
for all traits except grain yield when different estimates of 
variance and covariance were used. Neither was there much 
change in the correlation coefficients between grain yield 
and index values. And most important was that when using the 
new index values for selection, 45 and 47 out of 48 lines 
(top 10%) were common when the two sets of estimates were used. 
Table 46. The index weights for grain yield, test weight, protein percent, and straw 
yield (index 4) and correlation between yield and index value, variance 
and covairiance estimates were from the same or a different location 
Index weights 
Variances and 
COvariances 
Grain 
yield 
Test Protein 
weight percentage 
Correlations 
Straw between yield 
yield and index 
Evaluation experiment (V group at Ames) 
With Ames parameters 7.745 0.550 -O.Oll 0.004 
With Kanawha parameters 9.710 1.355 -0.013 0.007 
With Kanawha parameters 
With Ames parameters 
Prediction experiment (V group at Kanawha) 
18.573 2.922 -0.014 0.007 
34.680 2.583 -0.017 0.008 
0.35** 
0.30** 
0.17 
0.11 
**Significant correlations at 1% of probability. 
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DISCUSSION 
The groups of oat lines used in my study contained highly 
significant genetic variation for all traits in all experi­
ments. Genetic coefficients of variability were highest for 
heading date (26%) followed by grain yield (17%), straw yield 
(15%), harvest index (10%), plant height (7%), and protein 
percentage, test weight, and groat ratio with the lowest values 
(5%). Genetic variances obtained from the V group evaluated 
under high-productivity conditions at Ames were 1.5, 1.2, 1.5, 
and 2.0 times larger than that obtained from the same group 
evaluated under low-productivity conditions at Kanawha for 
grain yield, test weight, harvest index, and straw yield, re­
spectively. However, at Kanawha, genetic variances for groat 
ratio and protein percentage were 2.2 and 1.3 times greater, 
than those from Ames. These results mean that high produc­
tivity conditions are needed for good expression of genetic 
differences among oat lines for grain and straw yields, test 
weight, and harvest index. These results agree with those of 
Frey (1954) and Johnson (1967) for grain and straw yield; 
however, poor testing conditions may be more efficient for 
showing genetic differences for the ratio traits, protein 
percentage and groat ratio. 
Because most of the oat lines in this study were essen­
tially homozygous, the primary genetic effects being expressed 
in the various traits would be additive and additive x 
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additive epistasis. Thus, my heritability estimates can be 
considered as narrow sense. Heritability values estimated 
herein could be overestimates, however, because they were 
estimated by using variance components from individual ex­
periments and as such they likely would be biased by genotype 
X environment interaction effects. The heritability percent­
ages I obtained would be considered high, probably because the 
populations contained ranges of genotypes. 
Heritability percentages for the V group of oat lines 
were larger when estimated from the low productivity environ­
ment than when estimated from the high productivity one. On 
an average over all prediction and evaluation experiments, the 
respective heritability values for grain yield were 66 vs 63% 
for low and high productivity environments, respectively, for 
test weight 59 vs 52%, for groat ratio 47 vs 37%, and for 
harvest index 64 vs 56%. For protein percentage heritability 
values from both conditions, they were 55%, and for straw 
yield, they were 38 vs 62%, respectively. These results in­
dicated that more reliable selection advance would be made in 
the low productivity environment for grain yield, test weight, 
groat ratio, and harvest index. My findings support the re­
sults of Frey (1964) and Johnson (1967) for grain yield. 
The very high mean heritability values that I found for 
heading date (88%) and plant height (87%) corroborate the 
results reported by Fuizat and Atkins (1953), Frey and Horner 
(1955), Jogi (1956), and Frey (1954a,b) for barley; Frey 
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(1959a), Petr and Frey (1966), Rosielle et al. (1977) for 
oats; and Reddi et al. (1969), Fonseca and Patterson (1968), 
Ketata et al. (1976) for wheat. Low heritability values were 
obtained for these traits by Stuber et al. (1962), Johanson 
et al. (1966), Lebsock and Amaya (1969), and Dyck and Baker 
(1975) for wheat. The mean heritabilities for heading date 
and plant height in my study exceeded the means for other re­
ported studies (Tables 2 and 3), i.e., 88 vs 75%, respectively, 
for heading date and 87 vs 68%, respectively, for plant 
height. Heritability values that I obtained for grain and 
straw yields and harvest index were fairly similar to those 
reported by Eagles and Frey (1974), Rosielle and Frey (1975a), 
and Rosielle et al. (1977) for oats and Dyck and Baker (1975) 
for grain yield of wheat. Mean heritability estimates in this 
study vs those reported for the same trait by other authors 
(Tables 1 and 7) were 69 vs 61%, respectively, for grain 
yield; 59 vs 79%, respectively, for straw yield; and 63 vs 
57%, respectively, for harvest index. My heritability values 
for test weight were larger than those reported by Lofgren 
et al. (1968) for wheat and Schlehuber et al. (1967) for barley, 
but lower than those reported by Yap and Harvey (1972) for 
barley and Wesenberg and Shands (1973) for oats. However, 
mean heritability percentage for test weight in my study and 
the mean for other studies (Table 4) were similar at 50 vs 
58%, respectively. My mean heritability value for protein 
percentage was 60% whereas the mean (Table 5) for studies 
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reported by Prey et al, (1954, 1955), HannoId et al. (1961), 
Lofgren et al, (1968), and Ohm and Patterson (1973a,b) was 
57%. Mean heritability for groat ratio herein was 47%, 
whereas the mean value for studies by Pawlisch (1959), 
Wesenberg and Shands (1971), and Stuthman and Granger (1977) 
in Table 6 was 65%, 
In general, the mean heritability percentages I found 
were quite similar in magnitude to the means of those other 
authors have reported for small grains. 
When two traits covary genetically, the underlying 
genetic system causing such association may be linkage or 
pleitropy (Mode and Robinson, 1959). Generally, pheno-
typic and genotypic correlations in my study were similar in 
signs and magnitudes, which indicates that the significant 
phenotypic interrelations likely were due to genotypic causes. 
In general, I found grain yield was positively correlated 
with plant height, whereas with heading date it was associated 
positively in some experiments and negatively in others. Grain 
yield was found to be positively correlated with both heading 
date and plant height by Pesek and Baker (1970) and Rosielle 
and Frey (1975b), but only with heading date by Schlehuber et 
al, (1967). Contradictory, negative correlations between grain 
yield and plant height were obtained by Romero and Frey (1966). 
I showed that grain yield was positively correlated with test 
weight and groat ratio and these results were in agreement 
with those obtained by several workers for small grains. My 
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positive correlations of grain yield with harvest index and 
straw yield were similar to the results obtained by Syme 
(1970, 1972), Singh and Stoskopf (1971), Nass (1973), Rosielle 
and Frey (1975b), Fischer and Kertesz (1975), and Takeda and 
Frey (1975). Grain yield and protein percentage have been 
unanimously reported as negatively correlated for cereal crops, 
and I found similar results. From these associations, one 
would expect that direct selection for high yield would cause 
associated indirect selection for tall and late lines with 
heavy test weight, high groat ratio, low protein percentage, 
high harvest index, and high straw yield. 
Selection Indexes 
Generally, for cereals, grain yield is the trait of 
primary interest in a breeding program. Other traits such as 
heading date, plant height, etc., must be at appropriate levels 
and(or) magnitude in cereal varieties, but grain yield takes 
on the greatest emphasis because it is the trait by which 
economic worth per unit of production area is measured. In 
attempts to maximize the improvement, many different selection 
strategies have been employed. Among these strategies, selec­
tion indexes have received much attention. 
Basically, selection indexes are of two types: (a) the 
first is an equation in which weights are given to the various 
traits to give an index value which represents the genotypic 
worth of a line relative to some ideal considering all traits; 
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and (b) the second is an equation in which one or two primary 
traits (e.g., grain yield) is to be maximized but secondary 
traits are included in the index as indirect aids to this 
maximization. Of the selection indexes I investigated, index 
1 was type a, but all others were type b. When no change is 
desired for a particular trait, or economic value cannot be 
assigned for it, its economic value can be set at zero. 
Notice that assigning economic values at too high a level 
for minor traits may reduce genetic gains of the major traits. 
There are several ways in which selection indexes can be 
evaluated. One is to compare expected and actual selection 
advances for each index, and a second is to compare expected 
advance from index selection relative to selection for single 
traits. To provide a summary of my results over all experir 
ments, Table 47 presents the expected gains (Gg) from predic­
tion; experiments and actual gains. (G^) from all evaluation 
experiments, and also, the Gg's as percentages of the gains 
from direct selection for the individual traits involved in the 
indexes. Each index gave a different level of Gg for grain 
yield ranging from 2 to 37% of the population mean for indexes 
3 and 8, respectively. These represent efficiencies from 30 
to 120% of those from direct selection for grain yield alone. 
Grain yield improvements for indexes 5, 6, and 8 exceeded 100% 
relative responses also. These results support those reported 
by Robinson et al. (1951), Brim et al. (1959), Laible and 
Dirks (1968), Joshi (1970), Dhagat et al. (1973), Thurling 
Table 47. Overall mean expected gains (Gg's) and actual gains (G^'s) from using 
nine selection indexes expressed as percentages of population means and 
percentage ratio of Gg's to expected gains (Gg's) from selecting for the 
trait itself for eight traits measured on oat lines 
Index Grain Heading Plant Test Groat Protein Harvest Straw 
number yield date height "weight ratio percentage index yield 
1 S 25 33 48 
7 12 
79 148 
2 Gg 13 8 11 24 
S 4 2 6 
Ga/Gs 45 103 64 
3 Gg 2 6 8 29 
-11 2 -2 
GE/Gs 30 68 60 
4 Gg 16 10 -1 11 33 
GA 4 1 0 7 
GR/Gs 52 101 -17 51 
is the percentages of common lines selected via grain yield alone and via 
selection indexes. 
Table 47. (Continued) 
Index Grain Heading Plant Test Great Protein Harvest Straw 
number yield date height weight ratio percentage index yield N 
36 
6 
117 
•15 
15 
-25 
60 
E 36 
7 
115 
4 
6 
35 
69 
7 G^ 
G, 
26 
10 
91 
16 
4 
102 
57 
8 E 37 
10 
120 
5 
- 2  
73 
81 
7 
-5 
19 
-4 
-5 
-6 
-1 
-3 
- 8  
11 
5 
129 
7 
1 
43 
18 
126 
(1974), Talwar (1976), and others who showed more improvement 
in grain yield by using selection indexes than by direct 
selection for grain yield. 
Adding one secondary trait to grain yield in a selection 
index was quite efficient in enhancing the G^'s for grain 
yield. Groat ratio was the best as a secondary trait in index 
8. The G„ was 20% higher than that from selection for grain 
yield alone, and the G^ for groat ratio was increased by 5% 
or 73% of the from direct selection for this trait alone. 
Also, heading date (index 5) and plant height (index 6), when 
used as indirect selection traits separately, caused the Gg's 
for grain yield to be 17 and 15%, respectively, more than 
the Gg for yield. And, the G^ for heading date decreased 15% 
in index 5, but the Gg for height was increased only by 4% in 
index 6. Inclusion of harvest index in index 7 increased the 
Gg for grain yield by 26% and that for harvest index by 16%. 
These represented 91 and 102% of the G^'s for grain yield and 
harvest index, respectively. Inclusion of straw yield in 
index 1 with half the economic weight of grain yield gave a 
Gg for grain yield of 25% which represents only 79% of the G^ 
for this trait. With the same index, the G^ for straw yield 
was 148% of the G^ for this trait. 
Test weight and protein percentage both had indirect 
economic effects on price per unit of grain yield, so they 
would be expected to have greater indirect effect on the G^'s 
for grain yield than would other traits with no economic 
127 
input, e.g., groat ratio, plant height, etc. The G^'s for 
grain and straw yields were quite small when test weight and 
protein percentage were used as indirect factors in indexes 
2 and 3, respectively. The premium added to grain-yield 
price caused variable ratios for the grain to straw prices 
among the oat lines in a group, and the effect of this vari­
able price ratio upon G^'s is not well-understood. Several 
workers have reported that in all those cases where equal 
weights were assigned to the traits, the genetic gains from 
index selection were higher than when the traits in the index 
were weighted differently (Singh, 1969; Singh and Bellmann, 
1974). On the contrary, Rosielle et al. (1977) and Rosielle 
and Frey (1975b) found that changing the relative economic ratio 
for grain and straw yields had little effect on Gg or G^. 
Another possible cause for the low G^'s for grain and straw 
yields in index 3 may be the significant negative correlation 
of protein percentage with grain and straw yields. The effect 
of the correlations among the traits involved in an index was 
discussed by Rendel (1954), Harris (1954), Widstrom (1974), 
and Sales and Hill (1976b). The ratios of Gg/G^ for index 8 
(Table 33) shows the effect of associations between the primary 
and secondary traits included in an index. For G group, the 
genetic correlations between grain yield and groat ratio in 
three experiments were 0.36, 0.47, aix3 0,43 and the Gg/G^ 
ratios were 91, 125, and 109% for grain yield. For V group 
in two experiments, the correlations were 0.10 and 0.31 and the 
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ratios were 115 and 149%. For the same group at Kanawha, one 
correlation was 0,31 and the response was 126%, but another 
correlation was 0.02 and the ratio was only 102%. Also in S 
group the lowest ratio was obtained when the correlation was 
not significant. Generally, secondary traits seemed to be of 
no value for increasing the of primary traits when the 
second trait was genotypically and phenotypically uncorrelated 
with the economically important one. 
On the other hand, Singh and Bellmann (1974) suggested 
that efficiencies of selection indexes would be reduced if 
the traits included in them had unequal heritabilities and 
tight linkages between the loci governing these traits (i.e., 
if the significant genotypic correlation>was due to linkage). 
The low Gg's and G^ys for indexes 4 and 9 suggest that 
large numbers of secondary traits included in the selection 
index may decrease the index's efficiency (assuming grain 
yield was the main concern in selection). Rendel (1954) and 
Rosielle et al. (1977) found similar results, but Johnson et 
al. (1955), Young (1951), Mani (1974), Singh and Singh (1974), 
and Thurling (1974) did not. 
The G^'s from using selection indexes in V group tested 
under high (Ames) and low (Kanawha) productivity conditions 
showed that the values from Ames were not much higher than 
those from Kanawha, but the G^'s were greater for the low than 
for the high productivity environment. Similar findings were 
reported by Nei (1950) for rice, Johnson (1957) for oat, and 
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Singh (1974) for Setaria. 
A second way to assess efficiencies of selection indexes 
is through comparisons of economic values of the selected 
groups of oat lines relative to economic values for comparable 
groups selected by using direct selection for grain yield. 
On the average, no index used in this study gave an economic 
value that exceeded the 100% level from direct selection for 
grain yield only. Some indexes gave economic values over 100% 
in one or more experiments (23% of the cases). Indexes 1 and 
8 showed economic efficiency that averaged 99% as much as grain 
yield selection, and adding plant height or groat ratio as 
indirect selection criteria with zero economic value (indexes 
6 and 8, respectively) gave several cases with 100% or greater 
efficiency. 
The selection indexes of greatest interest in my study 
were indexes 2, 3, and 4, because elements, test weight and 
protein percentage, used as secondary traits with indirect 
economic effect on per unit of grain yield, are either being 
used or have been proposed for use in establishing the market 
price of oat grain. Presently, test weight per bushel is used 
to modify the price paid per bushel (pound) of oats, and at 
times, proposal has been made to use seed protein content to 
modify price per bushel. The purpose of these price modifica­
tions, of course, is to give growers an incentive to produce 
oats with high test weight and protein percentage, both of 
which are desirable for milling oats. 
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I reasoned that if such price modifications were used or 
to be used in the market place, perhaps their effects should 
be taken into account in the oat breeders selection of new 
genotypes because it might be possible to obtain and release 
varieties that would be more economically efficient for 
farmers. 
However, the economic efficiencies, when compared to grain 
yield selection as 100%, were disappointingly low, the mean 
economic efficiencies of indexes 2, 3, and 4 were 88, 81, and 
89%, respectively. These results were due, of course, to the 
very low G^'s realized for grain and straw yields. Rather 
good Gg's were obtained for test weight and protein percentage 
in indexes 2 and 3, respectively, and with index 4, the for 
test weight remained high but that for protein percentage was 
slightly below 100% (Table 47) . In fact, index 3 was a 
disaster, whereas indexes 2 and 4 might be acceptable under 
certain circumstances. 
The poor showings in economic efficiencies for indexes 
2, 3, and 4 could be due to (a) inappropriate price modifica­
tions for test weight and (or) protein percentage. I used 
what is being paid as a price premium for test weight in the 
market place and what was once proposed as a price premium 
for protein percentage. Now, if either or both test weight 
and (or) protein percentage becomes more important in the 
milling oat market, the price premiums for them might be 
increased, and if these new higher values were used in indexes 
131 
2, 3, and 4, the relative economic efficiencies of all of 
them might improve materially. Investigation of this area, 
however, was beyond the scope of my study, (b) The genotypic 
and (or) phenotypic correlations of test weight and protein 
percentage with grain and straw yields, when put into the un­
restricted selection indexes I used, may have been of such 
importance that poor economic efficiencies for indexes 2, 3, 
and 4 were inevitable. 
The importance of point b to the poor economic effi­
ciencies was investigated by applying restrictions on test 
weight and protein percentages in indexes 2 and 3. Essen­
tially, what this type of restriction does is to insure that 
the index values and the restricted trait values will be un-
correlated. I placed the restrictions in indexes 2 and 3 
such that test weight and protein percentage for the selected 
samples would be held at the population means. 
Restricted selection indexes were applied to the four 
prediction environments only. For index 2, mean Gg for grain 
yield was increased from 8 to 22% and for straw yield, the 
G- was increased from 11 to 22% when the restriction on test 
weight was applied (Table 41). The mean economic value when 
the restriction was applied was improved such that the Gg/G^ 
ratio increased from 85% without restriction to 95% with re­
striction. And as a bonus, test weight, even with the restric­
tions I applied, had a of 5%. Generally, the group of 
selected lines was higher by 13% for grain yield, 5% for 
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harvest index, and 8% for straw yield with than without re­
striction, whereas the other traits remained the same with 
both procedures (Table 43). For index 3, the mean for 
grain yield was increased from -17 to +11% and for straw yield 
the mean was almost unchanged when the restriction on 
protein percentage was applied (Table 41). The mean economic 
value when the restriction was applied was improved such that 
the Gg/Gg ratio was increased from 71% without restriction 
to 85% with restriction. And again, unexpectedly, the G^ 
for protein percentage was 11% with the restriction as against 
14% without it. The group of selected lines via the restricted 
index were higher by 35% in grain yield, 4% in groat ratio, 
and only 4% in straw yield than those selected via the unre­
stricted index. The other traits remained the same except 
protein percentage which was 3% lower. With restricted in­
dexes 2 and 3, the mean plant height was shorter by 8 and 6 
cm, respectively. Of course, one immediately wonders why the 
restricted traits, test weight and protein percentage, which 
should have remained at the population means, actually showed 
nearly as high G^'s as with unrestricted indexes. Most likely 
this phenomenon occurred because both traits^ even though 
manipulated so they were uncorrelated genetically with the 
index value, indirectly played roles through the premiums they 
added to grain yield price. Another factor of unknown influ­
ence may be related to my specific manipulation of the restric­
tion matrix. For restriction selection theory of Cunningham 
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et al. (1970) to obtain complete restriction for a trait, 
zero values should be placed as the diagonal element of the P 
matrix and a row in the G matrix. Because the Gauss elimina­
tion procedure (Johnson and Riess, 1977) that I used to solve 
the selection index equations for b^ required that no zeros 
should appear in the diagonal of P matrix, I replaced that 
zero by a value of O.OOOl. This very small value may be con­
sidered as some kind of partial restriction (Cunningham et al., 
1970) and it could allow some improvement in the restricted 
traits. Intuitively, it does not seem logical that such a 
small value could cause such large G^'s for the restricted 
traits. 
Direct selection for grain yield, on the average, gave 
the best G^'s for grain yield and the greatest economic values. 
Additionally, grain yield selection gave increased Gg for 
straw yield, some increase in test weight, but a reduction in 
protein percentage. Also, the oat lines were late and tall 
which confirm the results of Rosielle and Frey (1975a,b). 
In summary, selection for grain yield alone gave the highest 
value, but from the nutritional (protein percentage) and 
agronomic (heading date and plant height) viewpoints, the 
selected lines were undesirable. 
My results show that certain genotypes appeared in the 
selected sample of lines regardless of the procedure used. 
The numbers of lines selected in common via grain yield alone 
and via selection indexes may give indications of the relative 
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effectiveness of the various indexes. The percentages of 
lines common in samples selected via grain yield alone and 
via selection index (Table 47) were in high accordance with 
Gg/Gg ratio if they were used to rank the indexes for effi­
ciencies. This procedure could be a very fast method for 
judging the efficiency of different indexes in improving grain 
yield, because of its simplicity. 
The basic assumptions underlying linear index-selection 
theory are; (l) relative economic values are known without 
error, (2) relative economic values remain constant over the 
range of variation of the traits, (3) the genotypic and pheno-
typic variances and covariances are known without error, and 
(4) both index and total merit are normally distributed. 
Problems concerning the first requirement have been 
avoided in my study by using the market prices for grain and 
straw yields with the premium which the oat milling industry 
pays for test weight and has proposed to pay for protein per­
centage. Assumption 2 was not met in indexes 2, 3, and 4 be­
cause the price of grain yield was dependent on the test weight 
and (or) protein percentage of the line, but this was avoided 
by solving the index selection formulas for each line alone 
with the estimation of different sets of b^'s (index weights) 
for each line. Obviously, genotypic and phenotypic variances 
were not known without error, so assumption 3 was not fulfilled. 
However, Hill (l97l) found that only estimates for matrixes 
with more than five traits had a high probability of contain­
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ing serious errors in parameter estimates. Because all the 
indexes I used had five or less traits, perhaps the errors of 
estimates for the parameters would be minimal. It seems rea­
sonable that the assumption of normality of the index and of 
the value functions probably were met for all the traits used 
here. 
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SUMMARY 
Generally, for cereals, grain yield is the trait of 
primary interest in breeding programs. Other traits, such as 
heading date, plant height, protein percentage, etc., must be 
at appropriate levels and (or) magnitude in cereal varieties, 
however. In this study, the primary trait for oat selection, 
economic yield per plot, included two elements with direct 
economic weights, i.e., grain and straw yields, and two with 
indirect economic effects, i.e., test weight and grain protein 
percentage. Secondary traits with zero economic weights were 
used to maximize the expected genetic gains for economic 
yield. Nine selection indexes were tested in two sets of 
experiments, prediction experiments to estimate the expected 
advances (G_) from using index selections and evaluation ex-Jb 
periments to judge the actual responses (G^) for 8 individual 
traits. The materials I used were three groups of random oat 
lines (G, V, and S). Statistical and genetical estimates for 
each experiment were used to construct the optimum selection 
indexes to select for economic yield. 
The following is the summary of the results; 
1. The groups of oat lines contained highly significant 
genetic variation for all traits in all experiments. 
2. Broad sense heritability percentages were 69, 88, 
87, 60, 47, 60, 63, and 61 for grain yield, heading 
date, plant height, test weight, groat ratio, protein 
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percentage, harvest index, and straw yield, respec­
tively. 
Interrelationships among traits seemed to be due to 
genotypic causes. Grain was positively correlated 
with plant height, test weight, groat ratio, straw 
yield, and harvest index, positively with heading 
date in some experiments and negatively in others, 
and negatively with protein percentages. 
The various indexes gave different levels of G^'s 
and G^'s. For grain yield mean G^'s ranged from 2 
to 37% of the population means. 
Adding one secondary trait to grain yield in a selec­
tion index was quite effective in enhancing the Gg's 
for grain yield. The ratios of Gg/G^ for grain yield 
were 117% when heading date was added, 115% with 
plant height, 91% with harvest index, and 120% for 
groat ratio. 
When traits with direct and (or) indirect effect on 
the economic yield were added to the indexes, the 
ratio Gg/Gg for grain yield was 79% when the index 
included grain and straw yields, 45% when test weight 
was added to grain and straw yields, 30% when protein 
percentage was added to grain and straw yields, and 
52% when test weight and protein percentage both were 
added. 
Low Gg's and G^'s from indexes 4 and 9 suggested that 
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large nimbers of secondary traits included in the 
index selection may decrease index efficiencies in 
selection for grain yield. 
8. When economic values were assigned to the lines 
selected via each index, no index was found to give 
a mean economic value per plot that exceeded 10(% of 
that from direct selection for grain yield. 
9. Because of the low economic efficiencies from indexes 
2 (grain and straw yields plus test weight) and 3 
(grain and straw yield plus protein percentage), re­
striction procedures were applied to them for test 
weight and protein percentage, respectively. For 
index 2, mean for grain and straw yields were in­
creased from 8 and 11% without restriction to 22 and 
22%, respectively, whereas mean Gg for test weight 
was reduced from 8 to 5%. Mean economic value in­
creased from 85% to 96% relative to that for grain 
yield selection per se. 
For index 3, mean G^'s for grain yield increased 
from -17 to +11% with no significant increase in straw 
yield. Mean G^ for protein changed only from 14 to 
11% of the population means. Mean economic value 
per plot for this index improved from 71 to 85%. 
139 
BIBLIOGRAPHY 
Abplanalp, H. and J. Eklund. 1978. A variable selection in­
dex for the compensation of correlated genetic change. 
Theor. Appl. Genet. 51; 277-280. 
Abraham, T. P., W. T. Butany, and R. L. Ghosh. 1954. Dis­
criminant function of varietal selection in rice. Indian 
J. Genet. 14; 51-53. 
Anwar, A. R. and A. R. Chawdhry. 1959. Her it ability and in­
heritance of plant height, heading date, and grain yield 
in four spring wheat crosses. Crop Sci. 9; 760-761. 
Bartley, B. C. and C. R. Weber. 1952. Heritable and non-
heritable relationships and variability of agronomic char­
acters in successive generations of soybean crosses. 
Agron. J. 44; 487-493. 
Bartley, B. C. and M. G. Weiss. 1951. Evaluation of physical 
factors affecting oat quality from Bond parentage. Agron. 
J. 43; 22-25. 
Bauer, Armand. 1970. Effects of fertilizer nitrogen rate on 
yield of six spring wheats. North Dakota Farm Res. 27; 
3-9. 
Bridgford, R. 0. and H. K. Hayes. 1931. Correlation of factors 
affecting yield in hard red spring wheat. J. Am. Soc. 
Agron. 23; 106-117. 
Brim, C. A., H. W. Johnson, and C. C. Cockerham. 1959. Mul­
tiple selection criteria in soybeans. Agron. J. 51; 42-46. 
Byth, D. E., B. E. Caldwell and C. R. Weber. 1969. Specific 
and non-specific index selection in soybeans, Glycine max 
(L.) Merr. Crop Sci. 9; 702-705. 
Caldwell, B, E. and C. R. Weber. 1965. General, average, 
and specific selection indices for yield in and F^ 
soybean populations. Crop Sci. 5; 223-226. 
Caldwell, B. E., C. R. Weber, and D. E. Byth. 1966. Selec­
tion value of phenotypic attributes in soybeans. Crop 
Sci. 6; 249-251. 
Campbell, A. R. and K. J. Frey. 1972a. Inheritance of groat-
protein in interspecific oat crosses. Canad. J. Plant 
Sci. 52; 735-742. 
140 
Campbell, A. R. and K. J. Frey. 1972b. Association between 
groat protein percentage and certain plant and seed traits 
in interspecific oat crosses. Euphytica 21; 352-362. 
Chandhanamutta, P. and K. J. Frey. 1973. Indirect mass selec­
tion for grain yield in oat populations. Crop Sci, 13; 
470-473. 
Chaudhar, B. D. 1977. Variability correlations and path-
analysis in barley. Genet. Pol. 18; 325-330. 
CIMMYT. 1972. Annual report. International Maize and Wheat 
Improvement Center, Mexico. 
CIMMYT. 1973. Report on wheat improvement. International 
Maize and Wheat Improvement Center, Mexico. 
Cunningham, E. P. 1969. The relative efficiencies of selec­
tion indexes. Acta Agric. Scandinavia 19: 45-48. 
Cunningham, E. P. 1975. Multi-stage index selection. Theor. 
Appl. Genet. 45; 55-61. 
Cunningham, E. P., R. A. Moen, and T. Fjedrem. 1970. Restric­
tion of selection indexes. Biometrics 25; 67-74. 
Das, P. K. 1972. Studies on selection for yield in wheat. 
An application of genotypic and phenotypic correlations, 
path-coefficient analysis and discriminant functions. 
Coden Jasi. 79; 447-453. 
Dashora, S. L., A. K. Rathors, S. D. Tikka, and R«. K. Sharma. 
1977. Correlation and path-coefficient analysis for 
morpho-physiological characters in barley. Indian J. 
Agric. Sci. 47; 381-385. 
Davis, W. H., G. K. Middleton, and T. T. Herbert. 1961. In­
heritance of protein, texture, and yield in wheat. Crop 
Sci. 1; 235-238. 
Dhaghat; N= K-, G. L. Patidar, P. S. Shrivastava, and R. C. 
Joshi. 1973. Path analysis and selection indices studies 
in Finger Millet. JNKW Res. J. 7; 212-215. 
Donald, C. M. 1962. In search of yield. J. Aust. Inst. 
Agric. Sci. 28; 171-178. 
Drier, A. F., J. W. Schmidt, L. A. Nelson, P. H. Grabouski, and 
P. T. Nordquist. 1975. Nebraska varietal tests of fall-
sown small grains. Nebraska Agric. Exp. Sta. Outstate 
Test Circ. 168. 
141 
Dudley, J. W,, R. L. Lambert, and D. E, Alexander. 1971, 
Variability and relationships among characters in Zea 
mays L, synthetic and improved protein quality. Crop 
Sci. 11: 512-514. 
Dyck, P. L. and R. J. Baker, 1975. Variation and covaria­
tion in agronomic and quality traits in two spring wheat 
populations. Crop Sci. 14: 767-769. 
Eagles, H. A. and K. J. Frey. 1974. Expected and actual gains 
in economic value of oat lines from five selection 
methods. Crop Sci. 14; 861-864. 
Elgin, J. H., R. R. Hill, and K. E. Zeiders. 1970. Compari­
son of four methods of multiple trait selections for five 
traits in alfalfa. Crop Sci. 10; 190-193. 
Elston, R. C. 1963. A weight-free index for purpose of rank­
ing or selection with respect to several traits at a time. 
Biometrics 19; 85-97. 
Falconer, D. S. 1960. Introduction to quantitative genetics. 
Oliver and Boyd, London. 
Finney, D. J. 1962. Genetic gains under three methods of 
selection. Genet. Res. 3: 417-423. 
Fischer, R. A. and Z. Kertesz. 1976. Harvest index in spaced 
populations and grain weight in microplots as indicators 
of yielding ability in spring wheat. Crop Sci. 16: 55-59. 
Fisher, R. A. and I. Aguilar. 1975. Analisis de crecimiento 
y redimiento de 30 genotipos de trigo bajo condiciones 
optimas. Agrociencia, Mexico. 
Fonseca, S. and F. L. Patterson. 1968. Yield component heri-
tabilities and interrelationships in winter wheat. Crop 
Sci. 8: 614-616. 
Fore, R. E. and C. M. Woodworth. 1933. Analysis of yield in 
certain oat varieties. Agron. J. 25: 190. 
Forsberg, R. A., V. L. Youngs, and H. L. Shands. 1974. Cor­
relations among chemical and agronomic characteristics in 
certain oat cultivars and selections. Crop Sci. 14: 221-
224. 
Foster, A. E., G. A. Peterson, and 0. J. Banosik. 1967. 
Heritability of factors affecting malting quality of 
barley, Hordium vulaare L., em end. Lam. Crop Sci. 7* 
611-612. 
142 
Foye, D. B., H. C. Dickey, and C. J. Sniffen. 1972. Herita-
bility of racing performance and a selection index for 
breeding potential in the thoroughbred horse. J. Anim. 
Soi. 35: 1141-1145. 
Frey, K. J. 1951. The interrelationships of proteins and 
amino acids in corn. Cereal Chem. 28j 123-132. 
Frey, K. J. 1954a. Inheritance and heritabiiity of heading 
date in barley. Agron. J. 46: 226-228. 
Frey, K. J. 1954b. The use of F2 lines in predicting the per­
formance of F3 selections in two barley crosses. Agron. 
J. 46: 541-544. 
Frey, K. J. 1959a. The relation between environmental and 
genetic variance for heading date and plant heights in 
oats. Agron. J. 51; 545-545. 
Frey, K= J, 1959b. Yield components in oat. III. Their con­
tribution to the variety x location interaction for grain 
yield. Agron. J. 51: 744-746. 
Frey, K. J. 1964. Adaptation reaction of oat strains selec­
ted under stress and non-stress environmental conditions. 
Crop Sci. 4: 55-58. 
Frey, K. J. 1968. Expected genetic advance from three 
simulated selection schemes. Crop Sci. 8: 235-238. 
Frey, K. J. 1975. Heritabiiity of groat-protein percentage 
of hexaploid oats. Crop Sci. 15: 277-279. 
Frey, K. J. 1975. Plant breeding in the seventies. Useful 
genes from wild plant species. Egypt, J. Genet. Cytol. 
5: 450-482. 
Frey, K. J. 1977. Protein of oats. Z. Pflanzenzuchtg. 78: 
185-215. 
Frey, K. J. and T. Horner. 1955. Comparison of actual and 
predicted gams m barley selection experiments. Agron. 
J. 47: 185-188. 
Frey, K. J. and T. Horner. 1957. Heritabiiity in standard 
units. Agron. J. 49: 49-52. 
Frey, K. J. and T. F. Huang. 1969. Relation of seed weight 
to grain yields in oats, A vena sativa L. Euphytica 18: 
417-424. 
143 
Frey, K. J., H. H. Hall, and M. C. Shekleton. 1955, Inheri­
tance and heritability of protein, niacin, and riboflavin 
in oats. Agric. Food Chem. 3: 945-948. 
Frey, K. J., E. G. Hammond, and P. K. Lawrence. 1975. Inheri­
tance of oil percentage in interspecific crosses of hexa-
ploid oats. Crop Sci. 15: 94-95. 
Frey, K. J., M. C. Shekleton, H. H. Hall, and E. J. Benne. 
1954. Inheritance of niacin, riboflavin, and protein in 
two oat crosses. Agron. J. 46: 137-139, 
Fuizat, y. and R. E. Atkins. 1953. Genetic and environmental 
variability in segregating barley populations. Agron. J. 
45: 414-420. 
Gjedrem, T. 1957. Selection indexes compared with single 
trait selection. I. The efficiency of including corre­
lated traits. Acta Agric. Scand. 17: 263-258. 
Goulas, C. K. and J. H. Lonnquist. 1977. Comparison of com­
bined half-sib and family selection with half-sib, S^, 
and selection index procedures in maize. Crop Sci. 17: 
263-268. 
Grant, M. N. and A. G. McCalla. 1949. Yield and protein con­
tent of wheat and barley. I. Interrelations of yields and 
protein content of random selections from single crosses. 
Can. J. Res. 27: 230-240. 
Hanson, E. W. and H. W. Johnson. 1957. Methods for calculat-
and evaluating a general selection index obtained by 
pooling information from two or more experiments. Genetics 42: 
421-432. 
Harris, D. L. 1963. The influence of errors of parameter 
estimation upon index selection, p. 491-500. In Vf. D. 
Hanson and H. F. Robinson (eds.) Statistical Genetics 
and Plant Breeding. National Academy of Sciences National 
Research Council Publ. 982. 
Harris, D, L. 1954. Expected and predicted progress from in­
dex selection involving estimates of populations parameters.. 
Biometrics 20: 45-72. 
Harville, D. A. 1974. Optimal procedures for some constrained 
selection problems. J. Am. Stat, Assoc. 69: 446-452. 
Harville, D. A. 1975. Index selection with proportionality 
constrains. Biometrics 31: 223-225, 
144 
Haunold, W., V. A. Johnson, and J. W. Schmidt. 1961. Genetic 
measurements of protein in the grain of Triticum aestivum 
L, Agron. J. 53: 203-206. 
Hayes, H. K., 0. S. Aamodt, and F. J. Stevenson. 1927. Corre­
lation between yielding ability, reaction to certain 
diseases, and other characters of spring and winter wheats 
in rod-row trials. J. Am. Soc. Agron. 19: 896-910, 
Hazel, L. N. 1943. The genetic basis for constructing selec­
tion indexes. Genetics 28: 476-490. 
Hazel, L. N. and J. L. Lush, 1942, The efficiency of three 
methods of selection. J. Heredity 33: 393-399. 
Henderson, C. R. 1963. Selection index and expected genetic 
advance, p. 141-163. In W. D. Hanson and H. F. Robinson 
(eds.) Statistical Genetics and Plant Breeding, National 
Academy of Science National Research Council Publ, 982, 
Hill, W. G, 1971, Theoretical aspects of crossbreeding, 
Annu, Gen. Sel. Anim. 3: 23-27, 
Immer, F. R. and F. J. Stevenson. 1928, A biometrical study 
of factors affecting yield in oats. J. Am. Soc. Agron. 
20: 1108-1119. 
James, J. W. 1968, Index selection with restrictions. Bio­
metrics 24: I0l5-I0l8, 
Jenkins, G. 1969. Grain quality and hybrids of Avena sativa 
L. and A, bvzantina C. Koch. J. Agric. Sci= 72; 311-317= 
Jogi. B. S. 1956. The heritability of agronomic and disease 
reaction characteristics in two barley crosses, Agron. 
J. 48: 293-295, 
Johanson, V, A., K. J.. Biever, A. Haunold, and J. W. Schmidt. 
1966. Inheritance of plant height, yield of grain, and 
other plant and seed characteristics in a cross of hard 
red winter wheat. Crop Soi, 6-; 336=338. 
Johnson, G, R. 1967. Effectiveness of index selection rela­
tive to selection on yield alone at several levels of 
soil phosphorus. Crop Sci, 7: 257-259. 
Johnson, G, R. and K. J. Frey. 1967. Heritabilities of quan­
titative attributes of oats (Avena sp.) at varying levels 
of environmental stress. Crop Sci. 7: 43-46. 
145 
Johnson, H. W., H. F, Robinson, and R. E. Comstock. 1955. 
Genotypic and phenotypic correlations in soybeans and 
their implications in selection. Agron. J. 47; 4-77-483. 
Johnson, L. W. and R. D. Riess. 1977. Numerical analysis. 
Addison-Wesley Publishing Company, Reading, Massachusetts. 
Johnson, V. A., P. J. Mattern, and J. W. Schmidt. 1971. 
Genetic studies of wheat protein. Paper presented Am. 
Chem. Soc. Symp. on Seed Protein, Los Angeles, California, 
March 29-31. 
Jones, K. R. and K. J. Frey. 1960. Heritability percentages 
and degrees of dominance for quantitative characters in 
oats. Iowa State J. Sci. 35; 49-58. 
Joshi, A. B. 1970. The use of selection indices in the im­
provement of a pearl millet population. Indian Fmg. 
20: 12-14. 
Kempthorne, 0. and A. N. Nordskog. 1959. Restricted selection 
indices. Biometrics 15; 10-19. 
Ketata, H., L. H. Edwards, and E. L. Smith. 1976. Inheri­
tance of eight agronomic characters in a winter wheat 
cross. Crop Sci. 16; 19-22. 
Laible, C. A. and V. A. Dirks. 1958. Genetic variance and 
selective value of ear number in corn (Zea mays L.). 
Crop Sci. 8; 540-543. 
Lai, K. and S. P. Gupta. 1977. Selection index as an effec­
tive aid in the improvement of grain yield in Mung Bean 
(Phaseolus aureus, Roxb.). Science and Culture 43; 
125-127. 
Lebsock, K. L. and A. Amaya. 1969. Variation and covariation 
of agronomic traits in durum wheat. Crop Sci. 9; 372-375. 
Lerner, I. M. 1964. The genetic basis of selection. John 
Wiley and Sons, Inc., New York. 
LeRoy, A. S., R. S. Albrechtsen, and M. D. Rumbangh. 1974. 
Relationship of protein percent with other phenotypic 
characters in interspecific oat crosses. Crop Sci. 14; 
767-769. 
LeRoy, N. B. 1964. Height and other plant character inheri­
tance in barley crosses made for shorter strawed types. 
Dissertation Abstracts 24; 3905. 
145 
Lofgren, J. R., K. J. Finney, E. G. Heyne, L. C. Bolte, R. C. 
Hoseney, and M. D. Shogren. 1968. Heritability estimates 
of protein content and certain quality and agronomic 
properties in bread wheat (Triticum aestivum L.). Crop 
Sci. 8; 563-567. 
Love, H. H. 1914. Oats for New York. Cornell Agric. Exp. 
Sta. Bull. 343. 
Lyrene, P. M. and H. L, Shands. 1975. Associations among 
traits in progenies from A vena sativa L. x A. sterilis L. 
crosses. Crop Sci. 15: 361-366. 
Mahmud, I. and H. H. Kramer. 1951. Segregation for yield, 
height, and maturity following a soybean cross. Agron. 
J. 50: 605-609. 
Malm, M. R. 1968. Exotic germplasm use in grain sorghum im­
provement. Crop Sci. 8; 295-298. 
Mani, S. C. 1974. Index selection in Brown Sarson. Indian 
J. Genet. Plant Breed. 34: 173-177. 
Manning, H. L. 1955. Response to selection for yield in 
cotton. Cold Spring Harbor Symp. Quant. Biol. 20: 103-110. 
McNeal, F. H. 1960. Yield components in a Lemhi x Thatcher 
wheat cross. Agron. J. 52: 348-349. 
McNeal, F. H,, C. A. Watson, and H. A. Kittams. 1963. Effects 
of data and rates of nitrogen fertilization on the quality 
and field performance of five hard red spring wheat varie­
ties. Agron, J. 55: 470-472. 
McNeal, F. H., M. A. Berg, P. L. Brown, and C. F. McGuire. 
1971, Productivity and quality responses of five spring 
wheat genotypes, Triticum aestivum L., to nitrogen fer-
tilizer. Agron. J. 63: 908-910. 
McNeal, F. H., M. A. Berg, C. F. McGuire, V, R. Stewart, and 
D= W- Baldridge. 1972. Grain and plant nitrogen rela­
tionship in eight spring wheat crosses, Triticum aestivum 
L, Crop Sci. 12: 599-502. 
Miller, D. A,, J. C. Williams, H. F. Robinson, and R. E. 
Comstock. 1958. Estimates of genotypic and environ­
mental variances and covariances in upland cotton and 
their implication in selection. Agron. J. 50; 126-131. 
Mock, J. J. and S. A. Eberhart. 1972. Cold tolerance in 
adapted maize populations. Crop Sci, 12: 466-469. 
147 
Mode, C. J, and H, F. Robinson, 1959. Peleiotropism and the 
genetic variance and covariance. Biometrics 15; 518-537, 
Moll, R. H,, C. W. Stuber, and W. D. Hanson. 1975. Corre­
lated responses and responses to index selection involving 
yield and ear height of maize» Crop Sci, 15: 243-248, 
Morley, F.H.W. 1955, Selection for economic characters in 
Australian Merino sheep. Aust. J. Agric, Res. 6s 77-90. 
Negai, J., C. G. Hickman, and G. R. Barr. 1975, Selection in­
dex based on the nursing ability of the mother and the 
mature weight of the offspring in mice. J. Anim. Sci, 
40: 590-597, 
Nass, H, G. 1973. Determination of characters for yield se­
lection in spring wheat. Can. J. Plant Sci. 53: 755-762, 
Nei, M. 1960. Studies on the application of biometrical 
genetics to plant breeding. Memoirs of the College of 
Agriculture, Kyoto University, No. 82, 
Nickell, C. D, and J. E. Grafius. 1959. Analysis of a nega­
tive response to selection for high yield in winter barley, 
Hordium vulaare L. Crop Sci. 9; 447-451. 
Ohm, H. W. and F. L. Patterson. 1973a. A six-parent diallel 
cross analysis for protein in Avena sterilis L. Crop Sci. 
13; 27-30. 
Ohm, H. W. and F. L. Patterson. 1973b. Estimation of combining 
ability, hybrid vigor, and gene action for protein in 
Avena spp. L. Crop Sci. 13: 55-58. 
O'Keefe, R. 1977. Development and use of selection indices 
for selecting superior potato cultivars. Am. Potato J. 
54; 471-472. 
Panse, V. G. and S. S. Khargaonkar. 1949. A discriminant 
function for selection of yield in cotton. Indian Cotton 
Grow. Rev. 3: 179-185. 
Paroda, R. S. and A. B. Joshi. 1970. Correlations, path-
coefficients and the implication of discriminant function 
for selection in wheat (Triticum aestivum L.). Heredity 
25: 383-392. 
Pawlisch, P. E. 1959. Breeding behavior for bush el weight and 
agronomic characters in early generations of oat crosses. 
Dissertation Abstracts 20; 1945. 
148 
Pepe, J. F. and R. E. Heiner. 1975. Plant height, protein 
percentages, and yield relationships in spring wheat. 
Crop Sci. 15: 793-797. 
Pèsek, J. and R. J. Baker. 1969. Desired improvement in re­
lation to selection indices. Can. J. Plant Sci. 49; 803-
804. 
Pesek, J. and R. J. Baker. 1970. An application of index 
selection to the improvement of self-pollinated species. 
Can. J. Plant Sci. 50; 267-276. 
Petr, F. C. and K. J. Frey. 1966. Genotypic correlations, 
dominance, and heritability of quantitative characters in 
oats. Crop Sci. 6: 259-262. 
Radwan, S. R. and A. Momtaz. 1975. Evaluation of seven se­
lection indices in flax (Linum usitatissimum L.). Egypt, 
J. Genet. Cytol. 4s 153-160, 
Rao, C. R, 1962, Problems of selection with restrictions. 
J. Roy. Stat. Soc. B, 24: 401-405. 
Reddi, M. V., E. G. Heyne, and G.H.L. Liang. 1969. Heri-
tabilities and interrelationships of shortness and other 
agronomic characters in F3 and F4 generations of two wheat 
crosses. Crop Sci. 9; 222-224. 
Rendel, J. M. 1954. The use of regressions to increase heri­
tability. Aust. J. Biol. Sci. 7s 368. 
Robinson, H. F., R. E, Comstock, and P. H. Harvey. 1951. 
Genotypic and phenotypic correlations in corn and their 
implications in selection. Agron. J. 43; 282-287, 
Romero, G. E. and K, J. Frey. 1966. Mass selection for plant 
height in oat populations. Crop Sci. 6s 283-287. 
Rosielle, A, A, and K. J. Frey. 1975a. Estimates of selection 
parameters associated with harvest index in oat lines 
derived from a bulk population. Euphytica 24: 121-131. 
Rosielle, A. A. and K. J. Frey. 1975b. Application of re­
stricted selection indices for grain yield improvement in 
oats. Crop Sci, 15; 544-547. 
Rosielle, A. A,, H. A. Eagles, and K. J. Frey. 1977. Applica­
tion of restricted selection indexes for improvement of 
economic value in oats. Crop Sci. 17; 359-361, 
149 
Rutger, J. N., C. W. Schaller, and A. D. Dickson. 1967. Vari­
ation and covariation in agronomic and malting quality-
characters in barley. II. Interrelationships of characters. 
Crop Sci. 7; 325-326. 
Sales, J. and W. G. Hill. 1976a. Effect of sampling errors 
on efficiency of selection indices. Anim. Prod. 22; 1-17. 
Sales, J, and W. G. Hill. 1976b. Effect of sampling errors 
on efficiency of selection indices. Anim. Prod. 23: 1-14. 
Salhi, S. H. and M. 0. Khidir. 1975. Correlations, path 
analysis, and selection indices for castorbean (Ricinus 
communis L.). Expl. Agric. 11; 145-143. 
Schlehuber, A. M., D. C. Abbott, B. R. Jackson, and B. C. 
Curtis. 1967. Correlated inheritance of maturity and 
quality factors in a hard red winter wheat cross. Crop 
Sci. 7; 13-16. 
Sepahi, A. 1974. Estimating stability and selection index. 
Iran J. Agric. Res. 2: 121-127. 
Shands, H. L. 1974. Inheritance of caryopsis percentage and 
other groat characters in oats. Aust. J. Biol. 14: 125-
128. 
Shankar, K., M. Ahluwalia, and S. K. Jain. 1963. The use of 
selection indices in the improvement of a Pearl Millet 
population. Indian J. Genet. Plant Breed. 23: 30-33. 
Sharma, H. K. and B. M. Asawa. 1977. Path coefficient analy­
sis and selection indices for segregating population of 
Arhar. Mysore J. Agric= Sci. 11: 317-321. 
Sidwell, R. J., E. L. Smith, and R. W. McNew. 1976. Inheri­
tance and interrelationships of grain yield and selected 
yield-related traits in a hard red winter wheat cross. 
Crop Sci. 16; 650-654. 
Sikka, S. M. and K.L.L. Jain. 1958. Correlation studies and 
the application of discriminant function in aestivum wheat 
for varietal selection under rainfed condition. Indian 
J. Genet. Plant Breed. 18: 178-186. 
Simlote, K. M. 1947. An application of discriminant function 
for selection of durum wheats. Indian J. Agric. Sci. 17; 
269-280. 
150 
Sindhu, J. S., R. P. Singh, and H. L. Singh. 1977. Selection 
index as an effective aid in the improvement of grain 
yield in Mung bean (Phaseolus aureus. Roxb.). Science and 
Culture 43: 125-127. 
Singh, G. 1974. Variability in Kangni-3. Association between 
plant characters and discriminant functions for varietal 
selection in four environments. Indian J. Genet. Plant 
Breed. 34; 411-417. 
Singh, I. 0. and N. C. Stoskopf. 1971. Harvest index in 
cereals. Agron. J. 63; 224-226. 
Singh, K. B. and P. D. Mahadiratta. 1970. Path analysis and 
selection indices for cowpeas. Indian. J. Genet. 30s 471-
475. 
Singh, K. B. and A. B. Singh. 1974. A selection index for 
yield in Indian mustard (Brassica luncea (L.) Czern and 
Coss.). Indian J. Agric. Sci. 44; 129-131. 
Singh, R. K. 1959. Untersuchunge zur Einfuhrung der Index-
selektion in der Pflanzenz^chtung. Rostock Univ. Diss. 
Singh, R. K. and K. Bellmann. 1974. Evaluation of selection 
indices under various parameter combinations in simulated 
genetic populations. Theor. Appl. Genet. 44; 63-58. 
Smith, H. F. 1935. A discriminant function for plant selec­
tion. Ann. Eugen. Lond. 7; 240-250. 
Sprague, G. F. 1966. Quantitative genetics in plant improve­
ment. p. 315-347. In Kenneth J. Frey (ed.) Plant 
breeding. Iowa State University Press, Ames, Iowa. 
Sraon, H, S,, D. L, Reeves, and M. D, Rumbaugh. 1975. Quan­
titative gene action for protein content of oats. Crop 
Sci. 15; 668-670. 
Stapledon, R. G. and H. Loveday. 1919. Percentage of husk in 
different oat varieties. J, Bd. Agric. 26: 494. 
Stebbins, G, L, 1950. Variance and evaluation in plants. 
Columbia University Press, New York, 
Stoa, T. E., R. W. Smith, and C. M. Swallers. 1936. Oats in 
North Dakota. North Dakota Agric. Exp. Sta. Bull. 287: 
36, 
I5la 
S tuber, C. W,, V. A. Johnson, and J. W. Schmidt. 1962. Grain 
protein content and its relationship to other plant and 
seed characters in the parents and progeny of a cross of 
Triticum aestivum. Crop Sci. 2: 502-508. 
Stuthman, D. D. and R. M. Granger. 1977, Selection for 
caryopsis percentage in oats. Crop Sci. 17; 411-414. 
Subandi, W.A.C. and L. T. Empig. 1973. Comparison of the 
efficiencies of selection indices for three traits in two 
variety crosses of corn. Crop Sci. 13; 184-185. 
Sun, P.L.F., H. L. Shands, and R. A. Forsberg. 1972. Inheri­
tance of kernel weight in six spring wheat crosses. Crop 
Sci. 12: 1-5. 
Surface, F. M. and J. Zinn. 1915. Studies on oat breeding. 
IV. pure line varieties. Maine Agric. Exp. S ta. Bull. 250. 
Suwantaradon, K., S. A. Eberhart, J. J, Mock, J. C. Owens, and 
W. D. Guthrie. 1975. Index selection for several 
agronomic traits in the BSSS2 maize population. Crop Sci. 
15; 827-833. 
Syme, J. R. 1970. A high yielding Mexican semi-dwarf wheat 
and the relationship of yield to harvest index and other 
varietal characteristics. Aust. J. Exp. Agric. Anim. 
Husb. 10: 350-353. 
Syme, J. R. 1972. Single plant characters as a measure of 
field plot performance of wheat cultivars. Aust. J. 
Agric< ReS: 23? 753-760. 
Tai, G.C.C. 1977. Index selection with desired grains. 
Crop Sci. 17: 182. 
Takeda, K. and K. J. Frey. 1976. Contributions of vegetative 
growth rate and harvest index to grain yield of progenies 
from Avena sativa x A. sterilis crosses. Crop Sci. 16; 
817-821. 
Tallis, G, M. 1962. A selection index for optimum genotype. 
Biometrics 18; 120-122. 
Talwar, S. N. 1976. Selection index for grain yield and its 
contributing characters in varietal collection of rice. 
Indian Agric. 20; 35-37. 
151b 
Terman, G. L., R. E. Ramig, A. F. Drier, and R. A. Olson. 
1969. Yield-protein relationships in wheat grain as af­
fected by nitrogen and water. Agron. J. 61: 755-759. 
Thurling, N. 1974. An evaluation of an index method of selec­
tion for high yield in turnip rape, Brassica campestris 
L. spp. oleifera Metzg. Euphytica 23; 321-331. 
Tiyawalee, B. 1972. Studies on linkage between protein and 
crown-rust reaction loci in crosses of Avena sativa x A, 
sterilis. Unpublished Ph.D. dissertation. Library, Iowa 
State University, Ames, Iowa. 
Turner, H. N. 1959. Ratios as criteria for selection in animal 
or plant breeding, with particular reference to efficiency 
of food conversion in sheep. Aust. J. Agric. Res. 10: 
555-580. 
Virk, D. S., H. S. Aulakh, and H. S, Pooni. 1977. A path 
coefficient analysis of grain yield in three bread wheat 
crosses. Cereal Res. Comm. 5: 31-39. 
Wesenberg, D. M. and H. L. Shands. 1971. Caryopsis percentage 
and related characters in early generations of Avena 
sativa L. Crop Sci. 11: 586-588. 
Wesenberg, D. M. and H. L. Shands. 1973. Heritability of oat 
caryopsis percentage and other grain quality compounds. 
Crop Sci. 13: 481-484. 
Widstrom, N. W. 1974. Selection indexes for resistance to 
corn earworm based on realized gains in corn» Crop Sci, 
14; 673-675. 
Williams, J. S. 1962. The evaluation of a selection index. 
Biometrics 18; 375-393. 
Worker, G. J., Jr. and J. Ruckman. 1968. Variations in pro­
tein levels in grain sorghum grown in the southwest 
desert. Agron. J. 60; 485-488. 
Yamada, Y., K. Yokouchi, and A. Nishida. 1975, Selection 
index when genetic gains of individual traits are of 
primary concern. Japan. J. Genetics 50; 33-41. 
152 
Yap, T. C, and B. L. Harvey. 1972. Inheritance of yield 
components and morpho-physiological traits in barley, 
Hordium vulaare L. Crop Sci. 12; 283-286. 
Young, S.S.Y. 1961, A further examination of the relative 
efficiency of three methods of selection for genetic 
gains under less-restricted conditions. Genet. Res. 
2: 106-121. 
Young, V, L, and H. L. Shands. 1974. Variation in oat 
kernel characteristics within the panicle. Crop Sci. 
14; 578-580. 
Zubriski, J. C., E. H. Basey, and E. D. Norm. 1970. Influ­
ence of nitrogen and potassium fertilizers and rates of 
seeding on yield and quality of malting barley. Agron. 
J. 62! 216-219. 
153 
ACKNOWLEDGMENTS 
I would like to acknowledge the financial support of the 
Egyptian Government and for giving me this chance to complete 
my study in the USA, wishing to give a little contribution to 
my beloved EGYPT. 
I would like to express my deep gratitude to Dr. K. J. 
Frey for whom I feel deeply indebted for his valuable assis­
tance, supervision, continuous help, and guidance throughout 
the course of my study and preparation of this manuscript. 
Thanks are also due to Dr. T. B, Bailey for his advice during 
the analysis phase of my study. My sincere appreciation to Mr, 
A. A. Girgis, professional engineer, for his help in the com­
puter work. My appreciation is extended to Drs. A. R. Hallauer, 
P.J. Loesch, and K. Sadanaga, -vHao served on my graduate study 
committee. 
Special thanks go to my parents, wife? and children to 
whom I feel indebted and grateful for their encouragement. 
154 
APPENDIX 
Table 48. Means for grain yield (lb/plot), heading date (days), plant height (cm), 
test weight (Ib/bu), groat ratio (%), protein percentage (%), harvest 
index (%), and straw yield (lb/plot) for the selected lines (top 10%) 
using selection indexes and selection for grain or straw yield alone 
in G group prediction experiment 
Selection Grain Heading Plant Test Groat Protein Harvest Straw 
methods yield date height weight ratio percentage index yield 
Selection index 
1 0.1440^ 29.1 103.6 32.8 75.5 17.7 34.5 0,2716 
2 .OJiass 27.1 101.8 35,A 74.6 18.0 38.0 0.2105 
3 0.0890 25.1 93.9 29.9 69.3 AS.,2 32.4 0.1855 
4 26.8 97.7 35.0 74.5 18,1 38.0 0.2059 
5 Â2.x2 102.0 31.0 70.2 17.9 35.4 0.2131 
6 oaoi9 32.1 105,6 31.4 72.5 18.0 35.3 0.2192 
7 0.J.621 27.1 99.0 32.8 73.2 16.5 44.0 0.2074 
8 0.1634 27.8 99.9 33.3 77,4 16,6 41.1 0.2366 
9 0.1387 96.5 31.7 71,0 17.7 38.8 0.2158 
Selection for 
Yield 0.1666 28.6 100.7 33.4 72.7 16.8 41.5 0.2367 
Straw 0.1438 29.0 103.6 32.8 75.3 17.6 34.5 0,2716 
Population means 0.1237 25.7 96.2 31.5 74.1 17.4 39.0 0.1936 
^For tables 48 through 57, the lines refer to the traits involved in the 
selection indexes. 
Table 49. Means for grain yield (lb/plot), heading date (days), plant height (cm), 
test weight (Ib/bu), groat ratio (%), protein percentage (%), harvest 
index (%), and straw yield (lb/plot) for the selected lines (top l09^) 
using selection indexes and selection for grain or straw yield alone 
in G group evaluation experiment at Ames 
Selection Grain Heading Plant Test Groat Protein Harvest Straw 
methods yield date height weight ratio percentage index yield 
Selection index 
1 0.1307 25.7 112.5 30.1 67.8 20.3 27,3 0.3503 
2 0.1046 20.7 109.1 33.1 71.1 20.3 27.5 0.2793 
3 0.1258 16.2 107.5 31.0 70.2 20.1 31.7 0.3394 
4 0.1305 25.6 112.6 30.1 67.9 20.2 27.0 0.3500 
5 0.1258 26.4 110.5 29.7 68.0 20.0 26.7 0.3444 
5 0.1399 22.2 111.1 30.3 70.7 20.0 30.6 0.3205 
7 0.0995 20.2 105.7 29.8 68.8 20.8 31.9 0.2198 
8 0.1400 22.1 110.2 30.3 71.3 20.0 31.2 0.3116 
9 0-0967 24^3 110.2 30.5 73.8 21,3 23^ 0,2736 
Selection for 
0.3170 Yield 0.1405 24.7 109.4 30.2 70.6 19.7 31.0 
Straw 0.1025 31.6 110.4 29.3 63.8 20.7 21.2 0.3722 
Population means 0.0877 25.8 108.7 29.0 66.8 21.2 23.8 0.2789 
Table 50. Means for grain yield (lb/plot), test weight (Ib/bu), groat ratio (%), 
protein percentage (%), harvest index (%), and straw yield (lb/plot) 
for the selected lines (top 10%) using selection indexes and grain or 
straw yield alone in G group evaluation experiments at Sutherland 
Selection Grain Test Groat Protein Harvest Straw 
methods yield weight ratio percentage index yield 
Selection index 
1 0. 1778 37, .3 71, .0 15, .8 40, .1 0. 2654 
2 0, 1777 37. ,9 71, .0 15. 8 40. 3 0. 2652 
3 0, .2007 37. 8 71, .8 16, pO 46. 9 0. 2281 
4 0, .2004 38. 1 72, .1 15, ,9 47. 1 0. 2270 
7 0, .2040 37, .9 72, .2 15, ,7 46. ,4 0. 2381 
8 0. 2021 37. 8 75. r7 15, .5 46, ,0 0, 2386 
Selection for 
Yield 0, .2048 37. ,8 71, .5 15. 6 45. 1 0. 2509 
Straw 0. ,1868 37. 0 71, .0 15. ,6 40. 8 0. ,2713 
Population means 0, ,1565 37. ,6 73, ,1 16. ,9 44. ,1 0. ,2025 
Table 51. Means of grain yield (lb/plot), test weight (Ib/bu), groat ratio (%), 
protein percentage (%), harvest index (%), and straw yield (lb/plot) for 
the selected lines (top 10%) using selection indexes and grain or straw 
yield alone in V group prediction esqjeriment at Ames 
Selection Grain Test Groat Protein Harvest Straw 
methods yield weight ratio percentage index yield 
Selection index 
1 0.1354 31.7 72.5 19.0 36,9 0.2311 
2 0.1252 35.6 73,7 18.6 43.0 0.1671 
3 0.1007 31.4 72.1 21.2 39.1 0.1608 
4 0.1246 35.6 73.6 18.7 43.0 0.1661 
7 0.1512 33.7 73.1 18.6 45.1 0.1902 
8 0.1524 33.4 73.5 18.6 44 ..1 0.2004 
Selection for 
Yield 0.1522 33.4 73.4 18.6 44.2 0.1995 
Straw 0.1319 31.6 72,7 19.2 36.3 0.2311 
Population means 0.1152 32.4 73.0 18.9 41.6 0.1638 
Table 52. Means of grain yield (lb/plot), heading date (days), plant height (cm) 
test weight (Ib/bu), groat ratio (%), protein percentage (%), harvest 
index (%)» and straw yield (lb/plot) for selected lines (top 10%) 
using selection indeJtes and grain or straw yield alone in V group 
evaluation experiment at Ames 
Selection Grain Heading Plant Test Groat Protein Harvest Straw 
methods yield date height weight ratio percentage index yield 
Selection index 
1 0.1552 28.1 107.6 32.3 68.0 20.3 32.9 0.3120 
2 0.1334 23.4 105.3 36.3 71.7 20.8 34.9 0.2447 
3 0.1009 29.3 103.0 31.4 64.7 22.7 29.4 0.2360 
4 0.1333 23.4 105.6 36.4 71.0 20.9 34.8 0.2420 
5 0.1714 21*1 107.1 33.5 71.3 20.4 39.4 0.2628 
6 0,1701 23.8 109.5 33.4 71.0 20.3 38.3 0.2733 
7 0.1384 18.7 103.4 33.7 70.6 20.3 40.9 0.1961 
8 0.1715 22.2 107.7 33.8 71.9 20.2 38.9 0.2687 
9 0.1169 2i*9 106.7 33.7 77.1 20.9 34.2 0.2200 
Section for 
Yield 0.1722 25.7 107.6 33.7 71.0 20.3 39.2 0,2679 
Straw 0.1311 30.4 105.6 31.3 64.9 20.3 28.6 0.3218 
Population means 0.1121 25,9 106.5 32.6 68.8 21.2 31.7 0.2377 
Table 53. Means of grain yield (lb/plot). test weight (Ib/bu), groat ratio (%), 
protein percentage ( %), harvest index (%) f and straw yield (lb/plot) for 
selected lines (top 10%) using selection indexes and grain or straw yield 
alone xn V group prediction experiment at Kanawha 
Selection Grain Test Groat Protein Harvest Straw 
methods yield weight ratio percentage index yield 
Selection indesc 
1 0.1312 32.8 72.2 17.5 42.3 0.1782 
2 0.1160 35.8 71.4 17.2 47.2 0.1306 
3 0.0950 33.6 71.9 19.8 47.3 0.1269 
4 0.1157 35.7 71.1 17.4 47.1 0.1311 
7 0.1434 33.5 71.7 16.8 49.0 0.1526 
8 0.1434 33.6 74,0 16.9 47.0 0.1627 
Selection for 
Yield 0.1449 33.4 72.7 17.0 47.7 0.1609 
Straw 0.1306 32.8 72.2 17.7 42.3 0.1790 
Population means 0,1103 33.0 71.2 17.5 46.6 0.1269 
Table 54. Means of grain yield (lb/plot), test weight (Ib/bu), groat ratio (%), 
protein percentage (%), harvest index (%), and straw yield (lb/plot) for 
selected lines (top 10%) using selection indexes and grain or straw 
yield alone in V group evaluation experiment at Kanawha 
Selection Grain Test Groat Protein Harvest Straw 
methods yield weight ratio percentage index yield 
Selection index 
1 
2 
3 
4 
7 
8 
0.1498 
0.1305 
0.1612 
0.1295 
0.1552 
0.1607 
35.7 
39.2 
36.8 
39.2 
36.8 
36.8 
55.0 
69.1 
66.4 
69.0 
67.7 
69.2 
19.9 
20.4 
20^ 
20.5 
19.8 
19.6 
42.2 
45.2 
48.2 
45.2 
49.4 
47.2 
0.2049 
0.1585 
0.1748 
0.1573 
0.1614 
0.1809 
Selection for 
Yield 
Straw 
0.1618 
0.1467 
36.8 
35.7 
67.1 
64.9 
19.6 
20.0  
47.1 
41.6 
0.1810 
0.2054 
Population means 0.1230 36.3 67.0 20.5 44.1 0.1562 
Table 55. Means of grain yield i(lb/plot), heading date (days), plant height (cm), 
test weight (Ib/bu), groat ratio (%), protein percentage (%), harvest 
index (%), and straw yield (lb/plot) for selected lines (top 10%) using 
selection indexes and grain or straw yield alone in S group prediction 
experiments at Ames 
Selection Grain Heading Plant Test Groat Protein Harvest Straw 
methods yield date height weight ratio percentage index yield 
Selection index 
1 0.1789 23.9 114.4 35.4 73.6 17.5 37.1 0.3011 
2 0.1770 23.8 114.4 35.8 73.9 17.6 37.0 0,29% 
3 0.1407 20.3 107.5 34.0 72.6 19.9 37.7 0.2315 
4 0.1782 23.9 114.5 35.7 73.9 16.7 37.6 0.2944 
5 0.2019 22^3 113.8 35.7 73.7 16.7 41.4 0.2861 
6 0.2002 21.9 116.4 35.8 73.8 16.8 41.3 0.2850 
7 0.1986 21.2 110.7 35.6 73.5 16.8 42.7 0.2681 
8 0.2001 21,7 112.6 35.7 74.0 16.7 41.6 0.2811 
9 0.1570 14^8 102.6 34.8 73.9 18.0 42.5 0.2142 
Selection for 
Yield 0.2021 2.3.5 112.9 35.7 73.6 16.8 41.7 0.2801 
Straw 0.1849 23.1 114.1 35.7 73.8 17.4 38.2 0.3100 
Population means 0.1584 20.9 108.1 34.8 73.4 17.5 40.7 0.2315 
Table 56. Means of grain yield (lob/plot), heading date (days), plant height (cm), 
test weight (Ib/bu), groat ratio (%), protein percentage (%), harvest 
index (%), and straw yield (lb/plot) for selected lines (top 10%) using 
selection indexes and grain or straw yield alone in S group evaluation 
experiment at Ames 
Selection Grain Heading Plant Test Groat Protein Harvest Straw 
methcx3s yield date height weight ratio percentage index yield 
Selection index 
1 0.1646 29.2 114.0 35.9 68.0 20.5 33.6 0.3244 
2 0.1509 28.5 114.5 37.6 68.3 20.2 32.5 0.3135 
3 0.0959 33.9 112.5 33.3 64.7 22.6 26.1 0.2641 
4 0.1518 28.8 114.4 37.5 68.6 19.6 32.5 0.3142 
5 0.1678 20,8 109.8 35.9 69.5 19.6 36.8 0.2888 
6 0.1713 24.6 110.8 36.3 68.8 19.7 37.5 0.2891 
7 0.1349 23.4 108.1 34.9 68.0 19.7 38.2 0.2200 
8 0.1684 24.4 111.3 36.0 71.9 19.4 36.6 0.2933 
9 0.1347 24^3 110.3 35.5 74,1 19.6 32.8 0.2743 
Selection for 
Yield 0.1740 2 8.3 112.1 36.0 69.3 19.7 37.3 0.2955 
Straw 0.1334 32.6 115.5 34.9 67.2 20.8 27.9 0.3383 
Population means 0.1203 28.2 111.1 33.2 63.1 20.7 27.7 0.2693 
Table 57. Means of grain yield (lb/plot), test weight (Ib/bu), groat ratio (%), 
protein percentage (%), harvest index (%), and straw yield (lb/plot) 
for selected lines (top 10%) using selection indexes and grain or straw 
yield alone in S group evaluation experiment at Sutherland 
Selection Grain Test Groat Protein Harvest Straw 
methods yield weight ratio percentage index yield 
Selection index 
1 0.1905 38.1 67.3 16.7 42.3 0.2594 
2 0.1932 38f 8 67.5 16.2 42.9 0.2576 
3 0.1884 37.5 67.4 16.0 42.3 0.2562 
4 0,1925 38.8 67.7 16.3 43.0 0.2557 
7 0,2025 37.6 67.8 16.7 51.0 0.2019 
8 0.2080 37.8 67,9 16.5 48.2 0.2270 
Selection for 
Yield 0.2081 37.9 67.9 16.5 48.3 0.2267 
Straw 0.1782 37.8 66.5 16.6 40.1 0.2620 
Population means 0.1572 37.2 65.8 17.0 43.9 0.2012 
